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was established by this reorganiza- Keith J. Schiager 

tion. 

The Federal agencies listed be- 
low appoint their representatives 
to a Board of Editorial Advisors. DATA 
Members of the Board advise on 
general publications policy; secure SECTION I. MILK AND FOOD 
appropriate data and manuscripts 
from their eaaiaer i erie and review Milk Surveillance, F ebruary 1974 
those contents which relate to the 
special functions of their agencies. q ‘ 

Department of Defense Food and Diet Surveillance 

Department of Agriculture 

Department of Commerce 

Department of Health, Educa- SECTION II. WATER 

tion, and Welfare 
i tal Protecti ‘ i ‘ , . 
rr sass shat Radioactivity in North Carolina Surface, Cistern, and 


Atomic Energy Commission Saline Waters, 1971 


Michael S. Terpilak and Bruce L. Jorgensen 











CONTENTS—continued 


SECTION III. AIR AND DEPOSITION 

Radioactivity in Airborne Particulates and Precipitation __ 441 
1. Radiation Alert Network, February 1974 
2. Air Surveillance Network, February 1974, NERC-LV 443 


. Canadian Air and Precipitation Monitoring Pro- 
gram, February 1974 


. Pan American Air Sampling Program, February 
1974, PAHO and EPA 


. California Air Sampling Program, February 1974 ___ 448 


SECTION IV. OTHER DATA 


Environmental Levels of Radioactivity at Atomic Energy 
Commission Installations 


1. Brookhaven National Laboratory, January- 
December 1971 


2. Oak Ridge Area, January-December 1971 
8. Pinellas Peninsula, July-December 1971 


Erratum for February 1974 issue 





RADIATION 
DATA AND REPORTS 


Published under the direction of 


Dr. W. D. Rowe 
Deputy Assistant Administrator 
for Radiation Programs 


BOARD OF EDITORIAL ADVISORS 


Capt. Myron I. Varon, MC, USN 
Department of Defense 
Dr. Milton W. Lammering 
Envir tal Protect 
Lee O. Tiffin 
Department of Agriculture 


Dr. Randall S. Caswell 
Department of Commerce 


Robert E. Simpson 


Department of Health, Education, 
and Welfare 





Agency 


Dr. Martin B. Biles 
Atomic Energy Commission 


STAFF 
Samuel Wieder 
Kurt L. Feldmann 


istants J line J. Copp 
Mary H. Nesdore 


Marylee C. Hill 


Editor 
Managing Editor 
Editorial A 





Illustrator 


Address correspondence to the Editor, 
Radiation Data and Reports, Office of 
Radiation Programs, Waterside Mall, E615, 
AW-561, Washington, D.C. 20460. 





For subscriptions to Radiation Data and 
Reports, please use the order form on last 
page of this issue. 





U.S. ENVIRONMENTAL PROTECTION 
Russell E. Train, Administrator 


AGENCY 





Reports 


Environmental Radiation Effects of Nuclear Facilities in New York State 


Michael S. Terpilak and Bruce L. Jorgensen * 


The annual quantities and types of radioactive materials released from 
three operating nuclear electric generating facilities, a national labo- 
ratory, and a nuclear fuels reprocessing facility are presented and dis- 
cussed. The period of interest spans the years 1969 through 1972 with 
some additional data for those facilities operating before 1969. Release 
quantities have been well controlled, considering the nature and vintage 
of the operations. 

Results of environmental surveillance relying most heavily on the ac- 
tivities of the New York State Department of Environmental Conserva- 
tion, are presented. Observations at Indian Point Station Unit No. 1 and 
at Nuclear Fuel Services have led to the discovery of several facility- 
related radioisotopes in environmental media. These two facilities are of 
comparatively early vintage, have produced slightly larger amounts of 
waste materials and have been the subject of more comprehensive studies 
than others in the State. 

Dose consequences to hypothetical individuals and to populations with- 
in 50 miles of the facilities are addressed. It should be stressed that all 
individual doses presented are hypothetical. Doses via the drinxing water 
and cow’s milk pathways are particularly conservative. In each case, 
these hypothetical doses are at least an order of magnitude or more 
greater than the known worst case. No excessive exposure levels are 
known to have existed. All operations have resulted in postulated expo- 
sure levels well within applicable regulations or guidelines, generally 
being a small percentage of these values. Population doses have been 
surprisingly consistent through the period of interest. They are insig- 
nificant in comparison to the dose to the population of the State from 
natural or medical sources. 


In most regions of the United States, the of Environmental Conservation (7-9), the U.S. 


principal sources of environmental radiation 
are natural background and fallout from weap- 
ons tests. In the State of New York, however, 
three operational nuclear power facilities (1-5), 
one nuclear fuels reprocessing plant (6), two 
large research facilities, one Atomic Energy 
Commission national laboratory and numerous 
additional research, manufacturing, medical, 
and disposal facilities also contribute to environ- 
mental radiation. 

Natural background and fallout data are 
monitored by the State Department of Environ- 
mental Conservation and the Environmental 
Protection Agency through the National En- 
vironmental Surveillance Networks. Environ- 
mental surveillance data concerning nuclear 
facilities are provided by the State Department 


*Environmental Protection Agency, Environmental 
Radiation Program, Region II, 26 Federal Plaza, New 
York, New York 10007. 
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Atomic Energy Commission (AEC), nuclear 
facility operators, and special studies by inter- 
ested parties. 

This report deals with data from the envi- 
ronmental radiation surveillance programs in 
New York. It assesses the contributions that 
fixed facilities handling radioactive materials 
make to environmental radiation. 


Solid wastes 


Solid radioactive waste is generally removed 
from a nuclear facility site by a private con- 
tractor and is buried at an approved location in 
a manner such that there is expected to be no 
uncontrolled contribution of radioactivity to the 
environment from this source. New York has 
such a licensed burial facility in Cattaraugus 
County near the site of the fuels reprocessing 
plant. A compilation of the inventory of buried 
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materials is given in table 1. A second AEC- 
licensed facility for the burial of high level 
wastes is also located at Nuclear Fuel Services 
(NFS). A compilation of the inventory of 
buried materials at this site is given in table 2 
(10). A total of almost one million curies has 
been buried at these sites. 

The State Department of Environmental Con- 
servation (DEC) monitors (7-9) surface water 
samples from the vicinity of the burial sites to 
determine that significant migration out of the 
trenches or holes is not taking place (4-6). 
Analyses for the following nuclides have been 
made, with the noted results: 


Cesium-137 

Cobalt-60 
Ruthenium-106 
Zirconium-niobium-95 
Cesium-134 
Manganese-54 

Zinc-65 

Strontium-89 
Strontium-90 

Gross beta’ 


None detected 
None detected 
None detected 
None detected 


None detected 
None detected 


Gross alpha 
Tritium 


None detected 


Uranium None detected 


The DEC concludes that no significant sur- 
face discharges or underground seepages from 
the burial site have occurred. The origin of the 
minor discharges that have occurred is pres- 
ently being investigated by the DEC in a co- 
operative effort with the New York State 
Atomic and Space Development Authority and 
the U.S. Environmental Protection Agency. 


Major facilities and their surveillance programs 


The distribution of major nuclear facilities in 
the State of New York is shown in figure 1. 

A summary of the characteristics and loca- 
tions of operating and scheduled nuclear- 
electric generating facilities in New York is 


? Exclusive of tritium. 
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Maximum of 20 pCi/liter in 


Maximum of 7 pCi/liter in 
Maximum of 15 pCi/liter in 
Maximum of 228 pCi/liter in 


Maximum of 21 650 pCi/liter in 


given in table 3. A listing of other major 
nuclear facilities is given in table 4. Three 
nuclear power reactors were in operation dur- 
ing 1972; Indian Point Station Unit 1, Nine 
Mile Point Nuclear Station Unit 1, and R. E. 
Ginna Nuclear Power Plant Unit 1. Environ- 
mental surveillance programs for these nuclear- 
electric facilities in the State are summarized 
in table 5. Preoperational environmental sur- 
veillance programs and data for other electric 
generating facilities are also discussed. 


Indian Point Station Unit 1 
Indian Point Station Unit 1, located 25 miles 


1969-1972 

1969-1972 

1969-1972 

1971-1972 

1970 

1970-1972 

1970-1972 

1969 

1971 

1971 (4-year average, 
25 pCi/liter) 

1971-1972 

1972 (4-year average, 
4990 pCi/liter) 

1969-1972 


north of New York City, owned and operated 
by Consolidated Edison Company, is on the 
Hudson River in the village of Buchanan, West- 
chester County. It was the first private nu- 
clear power reactor in New York State, starting 
operations on September 16, 1962. This unit 
is a pressurized water reactor with a rated 
power of 285 megawatts electric. Condenser 
cooling water is withdrawn from and dis- 
charged to the Hudson River. Two villages, 
Verplanck and Buchanan, each with a popula- 
tion of less than 2100, are approximately 0.8 
miles from the reactor. Peekskill, population 
19 000, is approximately 2 miles northeast of 
the site. The estimated population within a 10- 
mile radius of the site is 160 000. 
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Liquid waste discharges 


During normal plant operations, liquid waste 
from Indian Point Station Unit 1 is monitored 
for radionuclide content and is discharged at a 
controlled rate into the Hudson River through 
the cooling water discharge canal to assure 
compliance with technical specifications asso- 
ciated with the AEC operating license (11). 

The quantities of radioactive liquid waste 
discharged from Indian Point Station Unit 1 
are shown in table 6. The plant was shut down 
for refueling and repairs during much of 1970. 
The annual average doses given in this table 
are those that would be received internally by 
a hypothetical person consuming 100 g/day of 
fish from Green’s Cove. There are no municipal 
drinking water intakes downstream of the 
Indian Point site. 


Special 
nuclear 
material 
(grams) 





758 333 





Source 
material ¢ 
(pounds) 





Plutonium- 
238 
(curies) 





Byproduct 

material « 
(curies) 
341 426 
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Gaseous waste discharge 





The radioactive gaseous wastes discharged 
from Indian Point Station Unit 1 are shown in 
table 7 (3,11). The average annual doses shown 
in this table are site boundary doses that would 
be received externally by the skin from radio- 
active noble gases and internally by the infant 
thyroid from iodine via milk consumption. 
Observed concentrations of particulates are 
lower than the MPC,;. by a factor of approxi- 
mately 100. 





FToomnNoortron 
mwtNN Nano 











Percentage of volume by source 


> 
LS 
6 
_ 
= 
o 
> 
a 
a 
= 
3 
2 
e 
= 
D 
3 
= 
9 
a 
e 
7 
z 
2 
N 
fa 
Zz 








Environmental monitoring 





Table 1. 





Table 8 lists gross beta analyses of envi- 
ronmental samples (7—9) collected in the vicin- 
ity of Indian Point. The activity of onsite air 
particulate samples collected by Consolidated 
Edison varied from less than 0.1 pCi/m* to 0.89 
pCi/m’ in 1970 with the lower values in the 
winter and the higher values in the summer 
(12). Such variations are generally attributable 
to the seasonal transfer of radioactive fallout 
from the stratosphere. 

The gross beta radioactivity in offsite par- 
ticulate air samples, as indicated in table 8, 
varied from nondetectable to a maximum of 
1.08 pCi/m*. No radioiodines have been identi- 
fied in either onsite or offsite air samples. For 
the purpose of comparison, the gross beta activ- 
ity in air particulate samples collected in 
Albany, Buffalo, and New York City by the 


, 46.4 percent = 158 420 Ci mixed fission products and miscellaneous, 31.0 percent = 105 840 Ci, Co, 22.5 percent = 76 820 Ci, 137Cg, 128], 


1 714 941 














facturing, and research. 





Burial dates 
1 percentage constituents: 7H and “C 


cational and hospitals. 
1s], 226Ra, and *4tAm, 0.1 percent. 





lants. 
u 





l and decontamination companies. 


ed 


number 





« Of total 758 333 pounds; 744 045 are uranium-238 and natural uranium with remainder thorium-232. 


4 Industrial, pharmaceutical manu 


*® Nuclear powe 

» Institutional, 

¢ Federal government. 
e NFS operations. 

{ Waste disposa 

« Byproduct materia 


wk 


877 





Table 2. NFS high-level burial site inventory summary * 





activity 
(curies) 


MFP > 
(curies) 


Zircon- 
nium-95 
(curies) 


Cobalt- 
60 





223 075 

















546 008 








148 822 | 223 156 











* Total curies buried at NFS: 376 408 at low-level site, 546 008 in high-level holes, 922 416 total. 


+’ MFP—mixed fission products. 
© Mix—mixed radionuclides (unidentified). 





05 2 Waites 


O5 15 25 35 45K 








ATIONAL LABORAT ORIE 
8.x VAL REACTOR PROTOTYPE 
?. KNOLLS ATOMIC POWER LABORATORY 
0. CORNELL REACTORS, LABS, AND BURIAL SITE 











Figure 1. 


Radiation Alert Network varied typically from 
nondetectable to 1 pCi/m‘*. 

The gross beta radioactivity in water samples 
taken offsite varied from nondetectable to a 
maximum of 183 pCi/liter. Data from Albany 
County, which was used as a background sample, 
varied from nondetectable to 11 pCi/liter in 
the years 1970 through 1972 (7-9). According 
to the Department of Environmental Conser- 
vation, “Samples of water from the lower 
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Major nuclear facilities in New York State 


Hudson River show higher gross beta results 
because of the effect of naturally occurring 
potassium-40 and the intrusion of saltwater up 
the river” (7). 

Figure 2 shows the locations of the envi- 
ronmental sampling stations in relation to the 
plant (13). 

The data in tables 6 and 7 have limited quan- 
titative value for the purpose of evaluating the 
exposure to the general population resulting 
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Table 3. 








Approxi- 
mate pop- 
lation 
within 
10 miles > 


Facility Owner Location 


re) 
startup 


160 000 
160 000 





Indian Point 
Indian Point 
Indian Point 
Scriba 


Consolidated Edison Company | 
Consolidated Edison Company 
Indian Point Station Unit 3 Consolidated Edison Company 
Nine Mile Point Nuclear Station | Niagara Mohawk Power 

Unit 1. Corporation. 


Indian Point Station Unit 1 
Indian Point Station Unit 2 


31 000 
Nine Mile Point Nuclear Station | Niagara Mohawk Power Scriba 
Init 2. Corporation. 
James A. Fitzpatrick Nuclear Power | Power Authority ° of State of 
Station N.Y 
. E. Ginna Nuclear Power Plant 
Unit 1. 
Shoreham Nuclear 
Bell Station_------ 





Scriba 








Rochester 
(Ontario, N.Y.) 
Brookhaven 
| Lake Ontario 


| 


Rochester Gas and Electric 

Company | 
Long Island Lighting Company BWR | 
NYS Electric and Gas Company BWR } 





Power Station 849 
RE ELSE ORT 866 1980's 





Total 9 Power Plants; 6 846 5 locations 





| 6 Companies 





* BWR, boiling water reactor. 


PWR, 


ressurized water reactor. 


> Operating facilities only. 
© To be operated by Niagara Mohawk Power Corporation under contract. 


from liquid and gaseous releases from a nu- 
clear facility (14). However, they might be 
useful for indicating when new injections of 
radioactivity into the environment, thus serving 
as a basis for further investigation by more de- 


Table 4. 


facilities 


Major nuclear facilities in New York State other than nuclear power generating 








Facility 


Location 





Nuclear Fuel Services, Inc: 


Brookhaven National 
Laboratory: 

Knolls Atomic Power 
Laboratory: 

Knolls Atomic Power 
Laboratory, Knolls site, 
General Electric Company: 

Cornell Nuclear Reactor 
Laboratory, Cornell 
University: 

Western New York Nuclear 
Research Center, University 
of Buffalo: 

United Nuclear Corporation 
Remote Experimental 

Station: 

Union Carbide Corporation, 
Sterling Forest Research 
Center: 


Cornell burial site:........ 


National Lead Company, 
Nuclear Metals Division: 





West Valley, Cattaraugus 
County, N.Y. 


Burial site West Valley 
Cattaraugus County, N.Y. 

Upton, Suffolk County, N.Y. 

West Milton, Saratoga 
County, N.Y. 

Schenectady, Schenectady 
County, N.Y. 


Ithaca, Tompkins County, N.Y 

Buffalo, Erie County, N.Y 

Pawling, Dutchess County, 
N.Y. 


Sterling Forest, Orange 
County, N.Y. 


Lansing, Tompkins County, 
Albany, Albany County, N.Y.. 





Startup 
date 


1966 


1963 





Type of operation 


Nuclear fuel reprocessing plant 
storage of high level waste 
fission products 

Solid radioactive wastes shipped 
mainly from facilities in 
Northeast States buried in 
trenches 

Testing and research reactors, 
(HFBR), (MRR) 

Testing and research reactors 


Testing and research reactor 


Research and training reactors- 
(TRIGA MARK II), (ZPR) 


Research reactor-(PULSTAR) 


Heavy water nuclear reactor 
5 watts thermal (PRR) 
(abandoned 3 /74) 

5MW pool type, light water 
research reactor (UCNR), 
produces pharmaceutical 
radioisotopes 

Burial of waste from numerous 
research projects on campus 

Fabrication of depleted uranium 
counter weights, some fabri- 
cation of uranium fuel 
elements 





tailed radionuclide analysis. 
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Such radionuclide analyses are made by the 
State Department of Health for the Depart- 
ment of Environmental Conservation (7-9). A 
summary of results of some of these analyses 
for aquatic vegetation, and silt is contained in 


tables 9, 10, and 11. Some results of the opera- 
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Table 5. Environmental radiation surveillance programs in New York State 





Indian Point Station R. E. Ginna Nuclear Power Station Nine Mile Point Nuclear Station 





of 


Number Frequency Type Frequency Type Number Frequency —- 
of ° of o of of ° 
locations collection analysis : collection analysis locations collection analysis 








Airborne halogens: Weekly Gamma spec- 
trum analysis 
Air particulates + 5 with 3 Gross beta, Weekly Gross beta, 
organic iodides: other gamma scan Monthly gamma scan 
locations 
for 1 wk 
consecu- 
tively 
External radiation: Along prin- | Annually Gamma 
(direct) cipal background 
roads 
within 5- 
mile 
radius 


Selected Monthly Gamma 
locations background 


Gamma radiation Continuous | Gross gamma 
monitors: 


Monthly Gross beta, 
tritium 


11 Monthly Gross beta, 
amma scan 
Monthly a Monthly 11], gross beta, 


grab airy Sr 
Surface water Monthly 
River water Weekly Gross beta, 
tritium on 
monthly 
composite 
Monthly Gross beta, Weekly Downstream| Weekly Gross beta, 
grab tritium of effluent gamma scan 
discharge 
Monthly 


grab 
Reservoir water: Monthly Gross beta, 
(Deer Creek) b tritium 
Gross beta, Monthly 
tritium gra 
Gross beta, Annually 
gamma scan 


Annually Gross beta, 
: gamma scan 
River aquatic Spring, Gross beta, 
vegetation: aaaner, gamma scan 
a 
Lake aquatic Spring, Gross beta, 
vegetation: summer, tritium 
fall 
Spring, Gross beta, 
summer, gamma scan 
fall 
Spring, fall | Gross beta, 
gamma scan, 
Sr 
Where Monthly Gross beta, Quarterly Spring, fall | Gross beta, *Sr 
available gamma scan 
Gammarus: (fresh- Spring, fall | Gross beta, 
water shrimp) gamma scan, 
Sr 
Film badges or Monthly Gross gamma 
TLD’S: 


Spring, fall | Gross beta, 
gamma scan, 
Sr 





























See footnotes at end of table. 
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Table 5. Environmental radiation surveillance programs in New York State—continued 





New York State Nuclear Fuel Services Atomic Energy Commission 





| 


Number | Frequency bi Frequency —_ Number Frequency Type 
of of o of rs) of of oO 
locations collection analysis 0 collection analysis locations collection analysis 








Gross beta, **Kr 1 daily Kr, gross 1 Daily Gross alpha, 
around NFS 3 weekly alpha, Weekly gross beta 
oss Monthly Gross alpha 

Beta (monthly 
TO) 


Monthly Gross gamma 


Gross beta, ™'I, Weekly 129], Sr, Quarterly Gamma-spec- 
87Cs, Ba, iy trum +iodine- 
“K Sr, Annual Cg, 131-separa- 
Sr, 7H, 27Cs tion 
other gammas 

Gamma scan Gamma spec- 


Gamma scan Bone—®Sr, 
(Sr, Sr Flesh— 
around Con 14Cg, 
Ed) BCs, 

Sr 

Sr, 19] ,* Pu Annual Bone—**Sr, 
gamma in 
lung 


Semi- 
annual 
Yearly 


Quarterly 


After each Monthly After each Gross alpha, 
rain rain gross beta 
Monthly HTO, Sr, 
compos- gamma 
ite spectrum 
Varies— Gross beta (7H, Varies— i Monthly Gross alpha, 
monthly Sr, Sr quarterly, grab fron beta, 
or weekly on selected monthly, TO 
samples) or weekly 


Public water Gross beta (*H, 
supply: Sr, “Sr on 
selected 
4 
Annually Gross beta, Monthly Gross alpha, 
tritium Ee eta, 
TO [*Sr, 
gamma spec- 
trum (quar- 
terly)] 
Gross alpha, 


Fito [»sr, 


gamma spec- 
trum (semi- 
annually)] 
Semiannual | Gross — 
gross ta, 
HTO [Sr, 
gamma spec- 
trum (annual)] 
Weekly Sr, Sr, *H, Monthly Gross alpha 
gamma scan Gross beta 
































® Program around Nuclear Fuel Services only. 
> Denotes radioactive material originating from atmosphere and settling or being washed into a bucket. 
¢ Calculated based on dilution. 
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Table 6. Quantities of radioactive liquid waste discharged by the 
Indian Point Station 1 * 





Mixed fission and corrosion products Tritium 





Annual Annual Annual Annual 
Curies MPC > average Curies 
released (pCi /liter) verent ( released 





1962-1968 146 
(21 /yr avg) 











2 
Projected future....... 














* All curie released data from final EIS Unit 2, Section III except 1972 data, 1972 data from reference $. 
> The technical specifications require a more restrictive 1000 pCi /liter. 
¢ For consumption of 100 g/day of fish from Green’s Cove. 


Table 7. Radioactive gaseous waste discharged by the Indian Point Station Unit 1 





Noble and activation gases Halogens and particulates 





Percent Annual Percent Annual 

Released Permissible of average Released Permissible of average 
(curies) permissible (curies) (curies) ) permissible Ko 
mrem 





1.7 





























* At plant perimeter. 

» 1963-68 data from reference 4. 

© Negligible. 

4 1969-71 curies released data from final EIS Unit 2, Section ITI, (11). 
* 1972 data from reference $3. 





tion of Indian Point Station Unit 1 can be seen 
in these tables. 

The higher levels of cesium-134 and cesium- 
137 observed in fish and aquatic vegetation 
ee —— collected from Green’s Cove can be attributed 
(W) Water Sampling Stati to liquid releases from Indian Point Station 
Unit 1 (15). High levels of cobalt-60 and man- 
ganese-54 observed in aquatic vegetation from 

eCamp Fieia(A,w) Green’s Cove and Tappan Zee Bridge in com- 
SSRN DONT She” qCreton Reserverr(w) parison to the other two sampling stations are 
a j attributed to releases from the Indian Point Sta- 

e'ndian Brook ral tion. The nuclides, cesium-137, ruthenium-106, 
P ; and zirconium-niobium-95, are characteristic of 

Sing SinaW) 4 x fallout from weapons testing. 
C A concentration of 100 pCi/kg in fish flesh, 
(assuming 50 pCi/kg each of cesium-134 and 
cesium-137) would result in an annual whole 
body dose of 0.18 mrem if consumed at a rate 

of 100 g/day (16). 

An “Environmental and Postoperational 

Figure 2. Environmental sampling locations Survey for Radioactivity-Consolidated Edison 
Indian Point Station Indian Point Reactors” (13) conducted by the 


Legend 
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Table 8. Offsite gross beta radioactivity levels in air and 


water, Indian Point Station, 1968-1972 





Station location 1968* | 1969" | 1970* 





Air particulate concentrations: 
(pCi/m!) 


Peekskill: 
ba 2 Field Filter 


Minimum 
Cortlandt: 
Department of Public 


Minimum 





Water concentrations: 
(pCi/liter) 





Peekskill: 
Hudson River at 
Standard Brands:. Average 
Maximum 
Minimum 


an 


Poe wae Oro 


Minimum 
Yorktown: 
Croton Reservoir:.. Average 
Maximum 
Minimum 
Ossining: 
Hudson River at 
Average 
Maximum 
Minimum 


Minimum 




















* 1968-1970 data—reference 8. 
> 1971 data—reference 2. 
© 1972 data—reference 3. 
ND, nondetectable, below minimum detectable activity. 


New York State Department of Environmental 
Conservation reports the results of a pressur- 
ized ionization chamber background survey for 
gamma radiation in the vicinity of Indian Point 
Station. The results of this survey are given 
in table 12. This table includes the average 


reading for all stations for 1964 through 1970. 
In general, it can be concluded that no signifi- 
cant or measurable increase in background 
gamma radiation occurred during those years 
of reactor operation. Figure 3 gives the loca- 
tions of the ionization chamber stations used 
for this survey. 

Pressurized ionization chamber readings of 
penetrating radiation in the vicinity of the 
plant, which were taken by the State DEC 
(7-9), gave the following average hourly 
exposure rates: 


1970: 9.8 uR/h 
1971: 8.3 pzR/h 
1972: 8.7 uR/h 


Nine Mile Point Nuclear Station Unit 1 


Nine Mile Point Nuclear Station Unit 1 is a 
boiling water reactor with a rated capacity of 
1850 MW(t). It is located on the southeast 
shore of Lake Ontario in the town (township) 
of Scriba, which has a population of 1400 and 
Oswego County, which has a population of 
23 800. The nearest large city is Syracuse 
(population 197 300) located 36 miles southeast 
of the plant. The area in which the plant is 
located is used primarily for residential and 
agricultural purposes. Test operations were 
conducted during the period from late 1969 to 
March 2, 1970. A long shutdown for mainte- 
nance and repairs ended on July 11, 1970. Since 
July 12, 1970 full power operations have been 
carried out, subject to maintenance and refuel- 
ing outages. 


Table 9. Radioactivity in algae and/or aquatic vegetation in Lower Hudson 





Average concentration * 
(pCi/kg wet weight) 








Green’s Cove 


Tappan Zee Bridge, west 


Iona Island 











bono dO dO PO NN tO Pe Ne tO NN 
Ze 
ISIIS1 11165! 


lSlISli lis 


























® Nondetectable tie have been considered as 0 pCi/kg for averaging purposes. 
ND, nondetectable. 
—, no analysis. 
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Table 10. Radioactivity in fish in the Lower Hudson 





Station 


Location 
from 
plant 


Average concentration * 
(pCi/kg wet weight) 





*Zr-Nb Sr 





Green’s Cove 


Tappan Zee Bridge, west__- 


Iona Island 


Peekskill Bay 


2 miles S 


14 miles S 


3 miles NW 


1.5 miles N---.-- 


CNrNwWwWNN NM wnmw 

















N 








lhidtiiitita | & 




















* Nondetectable quantities have been considered as 0 pCi/kg for averaging purposes. 


> 1971 figures are averaged for flesh and bone composite. 
ND, nondetectable. 
—, no analysis. 


Table 11. Radioactivity in silt in the Lower Hudson River 





Average 
concentration * 
Location (pCi/kg wet weight) 
from 


plant 


Station 





Cesi- 
um-134 


Cesi- 


Co- 
um-137 | balt-60 





2 miles S___| 1970 51 
514 


Green's Cove__- 





Tappan Zee 


Bridge, west___| 14 miles S_ 








Iona Island 3 miles NW. 











Peekskill Bay....| 1.5 miles N- 

















' 





* Nondetectable quantities have been considered as 0 pCi/kg for 
averaging purposes. 
ND, nondetectable. 
—, no analysis. 


Liquid waste discharges 


Liquid waste from Nine Mile Point Nuclear 
Station Unit 1 is collected in storage tanks 
and disposed into Lake Ontario in batches. 
Discharge is on a daily basis at a controlled 
rate dependent upon gross beta activity con- 
centrations. The liquid effluent is discharged via 
the condenser cooling water discharge, which 
provides dilution. The quantities of radioactive 
liquid waste discharged by this plant during 
the years 1969-72 are given in table 13. The 
composition of a typical batch of radioactive 
liquid waste is given in table 14. 


Gaseous waste discharges 


Noncondensible gases generated in the proc- 
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Table 12. Pressurized ionization chamber gamma back- 


ground survey 





| 
1967 | 1968 
(uR/h) | (uR/h) 


Township 


Cortlandt 

Cortlandt _ - __- 
Cortlandt _ - _- 
Cortlandt _ __- 
Highlands__-_-_-__--.-_- a 
Cortlandt 
(ee 
ee 
Stony Point 
Haverstraw 
Clarkstown 

Mt. Pleasant _- 
TES 
Somers 
TET 
Greenburgh 

Harrison 

Poundridge 

North Salem 


SOCOCCA31DSOHSBOBOCOCOCHBON®D | 


Or Or ON RK BND OID ew 
i 
Cor wemowmooneove 











bt © 09 01 00 £0 00 ee Om OOO DOD 


~ 
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ee 





Average reading for all stations near Indian Point Station by year (uR/h) 





1964 1965 1967 1968 1969 | 1970 





~~ 

| 

| 

11.3 | 


9.4 9.5 9.8 








10.0 | 9.0 





esses of operation of the Nine Mile Point Nu- 
clear Station Unit 1 plant are discharged to the 
off-gas system by the air ejector. Wastes from 
this source are held up 30 minutes in order to 
allow time for the decay of short-lived isotopes. 
This waste is then discharged to the atmos- 
phere through a stack, 350 feet high. Capability 
is provided in the system for automatic shut- 
down in the event that radioactivity release 
rates exceed a preset limit. The total gaseous 
activity discharged (2,17) and the calculated 
potential annual dose rates are shown in table 
15. A typical isotopic analysis of stack releases 
is given in table 16 (17). 
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Table 13. Quantities of radioactive liquid waste discharged by the Nine Mile 
Point Nuclear Station Unit 1 





Mixed fission and corrosion products 


Tritium 





Annual 
average 
concen- 
tration 
(pCi/liter) 





_ einatatniaese 
Projected future___--. 








Annual 
average 
percent 


Annual Annual 

average average 
percent dose 
MPC in from 
discharge tritium ¢ 
(mrem) 


Curies 
released 
limit > 








Negligible 
.006 











| 
| 





® All curies released data except 1972 from reference 2, 1972 and projected future data 


from draft EIS, reference 17. 


> MPC is 100 pCi/liter for unidentified radionuclide mix while technica! specifications 
allow 3300 pCi/liter if isotopic analysis is done. 
© At plant perimeter, for ingestion of discharge canal water (16). 


Table 14. Composition of a typical batch of liquid radio- 
active waste, Nine Mile Point Nuclear Station Unit 1* 


Average | 
concentration | Percent 
| in discharge of 

canal MPC 

(pCi/liter) 





Percent 


Isotope Half life 


Cobalt-60 __ 
Cobalt-58 _ 
Chromium-51 ot 
Manganese-54 _ _ _. 
Todine-131 














* Normalized to 20 Ci/yr discharge. 


Environmental monitoring 


Environmental samples taken in the vicinity 
of the Nine Mile Point Nuclear Station Unit 1 
are analyzed for some specific radionuclides and 
for gross beta (7-9). Table 17 gives the results 
of gross beta analyses of air and water samples. 


Table 15. 


The results are not remarkable. The concen- 
trations in air particulates at the background 
station in Albany are within the previously 
mentioned range of nondetectable to 1.08 
pCi/m*. This is true for onsite and offsite 
samples. The results of water sample analysis 
are typical for freshwater where the potassium- 
40 contribution is less significant than in saline 
water. Again, they fall within the range of 
background samples taken at Albany which 
have previously been stated to range from non- 
detectable to 11 pCi/liter. 

Specific radionuclide analyses have not been 
carried out around the Nine Mile Point Nuclear 
Station plant to the extent which they are car- 
ried out in the vicinity of Indian Point Station. 
Those samples which have been analyzed in- 
clude onions and apples from the area (1970), 
aquatic vegetation and mud from Lake Ontario 
near the plant (1970) and fish taken near the 
plant (1971). 


Release to gaseous effiuents from Nine Mile Point Nuclear Station 





Noble gases 


Halogens and particulates 





Releases Permissible 
(curies) oO 


Percent 
f 


permissible 


Annual 
average 
dose (mrem) 
to infant 
thyroid ¢ 


Permissible > 
(curies) 


Releases os 


o 
immersion ¢ permissible 














Negligible 
0.04 


Negligible Negligible 
0.20 ‘ : 0.50 
5.3 ‘ ’ -65 7.5 

10.9 ‘ . : 9.1 
-23 . ‘ : 5.4 




















* Annual releases (except 1972) from reference 2, 1972, and projected future from draft EIS reference 17. 
> Permissible limit for multiple release points derived from curies released and sum of percentages of permissible from points of release, see also refer- 


ence 


July 1974 


g. 
© Doses are for continuous occupation at worst site location and are hypothetical; representation of a real dose is not intended. 
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Figure 3. Location of stations for pressurized 
ionization chamber gamma survey 


Small amounts of cesium-137 (28 pCi/kg 
in one sample) and of strontium-90 (42 pCi/kg 
in one sample) were observed in apples. The 
analysis of onion samples indicated small quan- 
tities of zirconium-niobium-95 (21 pCi/kg in 
one sample) and strontium-90 (40 pCi/kg in 


Table 16. Radionuclides in stack discharges, Nine Mile 
Point Nuclear Station Unit 1 





Isotope Percent total Discharge rate 


(uCi/s)* 





Xenon-138_-- 
Krypton-87__ 





100 7 











* Normalized to 250 000 Ci/yr at 100 percent service availability. 


Table17. Radioactivity levels inair particulates and water 
(gross beta), Nine Mile Point Nuclear Station Unit 1 





Station location 1971" | 19726 





Air particulates (pCi/m'): 
Onsite, 3 stations: 


Minimum 

Water concentrations (pCi/liter) : 
Oswego City Hall tap, Lake 
Ontario water Average 

Maximum 

Minimum 

New Haven, Dempster Lake 

Road, Lake Ontario water. Average 

Maximum 

Minimum 














* References 7, 8, and 9, respectively, for 1970-1972 data on offsite 
stations. 


one sample). These data are insufficient to allow 
conclusions to be drawn. 

Mud samples taken from Dempster Beach 
showed some cesium-137 (214 and 12 pCi/kg 
in two samples), ruthenium-106 (203 pCi/kg in 
one sample) and cesium-134 (41 pCi/kg in one 
sample). As mentioned previously, cesium-137 
and ruthenium-106 are characteristic of weap- 


Table 18. Radioactivity in aquatic samples, Nine Mile Point Nuclear Station Unit 1 (pCi/kg) 





Sample type 


Radionuclide Concentration 
(pCi/kg wet weight) 





%Zn %Zr-Nb 





Maximum 
Minimum 
Maximum 
Minimum 
Maximum 
Minimum 
Maximum 
Minimum 
Maximum 
Minimum 
Maximum 
Minimum 
Maximum 
Minimum 
Maximum 
Minimum 











HITtL ti regeari 


76 
ND 
ND 
ND 
ND 
ND 

70 
ND 
ND 





LLL 1ESie1I tI 
1iBeliil 




















* This was the only 1 of 13 samples showing any detectable cobalt-60; it may therefore be suspect. 


>» Numbers in parenthesis are for flesh—others are for bone. 
ND, nondectectable, below minimum detectable activity. 
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ons testing fallout. The observed level of 
cesium-134 is low and no conclusion as to its 
possible source would be justified. 

An aquatic sampling program was conducted 
around the facility by Eberline Instrument 
Corporation in 1969 and 1970. Some of the 
results of that program and more recent re- 
sults of analysis by the State are given in table 
18. Some increases in concentrations of nu- 
clides are evident after 1969, but the extraction 
of data from different sources and the lack of 
knowledge concerning how to interrelate in- 
formation from different analysists makes it 
difficult to draw further conclusions. The capa- 
bility of algae to significantly concentrate 
cobalt-60 is evidenced by this table. 

The State DEC reports the following average 
hourly exposure rates (taken from PIC read- 
ings) in the vicinity of the Nine Mile Point 
Nuclear Station Unit 1 (7-9): 


1970: 8.1 pR/h 
1971: 7.6 p.R/h 
1972: 7.4 uR/h 


R. E. Ginna Nuclear Power Plant 


The R. E. Ginna Nuclear Power Plant is 
located in Brookwood, Wayne County, New 
York. The site, consisting of 338 acres, is 16 
miles east of Rochester, N.Y., which has a 
population of approximately 500 000. This is a 
pressurized water reactor rated at 1300 MW(t). 
The region adjacent to the site is agricultural, 
with open, rolling terrain. The predominant 
wind direction is away from Rochester over 
Lake Ontario (18). 

Initial criticality was attained in November 
1969 and testing continued until May 1970. 
Since that time the plant has routinely been 
used for power production except for mainte- 
nance and refueling outages. A 17 percent de- 
rating occurred in portions of 1972 and 1973 
as a result of the identification of unpressurized 
fuel cladding collapes in Ginna fuel. 


Liquid waste discharges 


Liquid radioactive wastes from the Ginna 
plant are discharged at controlled rates to Lake 


Table 19. Quantities of radioactive liquid waste discharged by the 


Mixed fission and corrosion products 


| | 
| 


MPC * | 
(pCi fliter) | 





1972 
Pr 





! 
Annual | Annual 
average 
percent 
MPC 


R. E. Ginna Nuclear Power Plant 


T 
Tritium 


Annual 
average 
dose > 
(mrem) 


Annual | 

average 

percent 
MPC 


Curies 
released * 


| average 
| dose > 
| (mrem) 


Negligible 
5 x10-* 
7x10-% 
5 x10-3 
<5 X10-? 


Negligible 
0.03 














* All curies released data from references 2 and $, projected future from draft environmental impact statement 


reference 29. 
> For consumption of discharge canal water. 


Table 20. Release of gaseous effluents from R. E. Ginna Nuclear Power Plant 





Noble and activation gases 


Halogens and particulates 





Permissible 
(curies) 





| #8 





6.9 
| 1.4 





: | Negligible 
2.8 
| 


Percent of 
| permissible 


Dose * 
(mrem) 


Dose * 
(mrem) 


Percent of 
permissible 


Permiasible 


Negligible : ‘ Negligible 
| 3.0 


Negligible 
15 





5. 
18. 
7. 
1. 








* Noble gas dose, continuous immersion at site boundary skin dose; halogen dose, infant thyroid dose from boundary milk ingestion. 


Annual releases, except 1972, from reference 2, 1972 data, 3. 
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Ontario, using the once-through-cooling dis- 
charge water flow for dilution. The quantities 
of radioactive materials released in liquid 
wastes from the Ginna nuclear plant are 
given in table 19. This plant is notable for its 
control to the point of virtual elimination of 
primary-to-secondary leakage and the associ- 
ated escape of some primary coolant activity 
into the environment. 


Gaseous waste discharges 


The off-gases from the reactor coolant make 
up most of the gaseous radioactive wastes asso- 
ciated with this facility. These gases are held 
up for at least 30 minutes in order to allow time 
for decay of radioisotopes with short half lives. 
The waste is discharged to the atmosphere 
through various building vents. The total gase- 
ous activity discharged from Ginna in recent 
years and the hypothetical possible dose are 
shown in table 20. 


Environmental monitoring 


Results of gross beta analyses on air particu- 
lates and water samples from the vicinity of the 


R. E. Ginna Nuclear Power Plant are presented 
in table 21. No overt evidence of effects from 
operation of the plant are observable from these 
data. 

Various environmental samples, 


including 


Table 21. 


fish, aquatic vegetation, mud, and grapes have 
been studied for accumulation of radioactive 
materials from the Ginna Nuclear Plant (7-9). 
Results of some of these analyses for fish and 
algae are contained in table 22. With the possi- 
ble exception of some increase in the small 
quantities of manganese-54 observed in algae, 
and the reported observance by the utility of 
small quantities of cesium-134 in Cladophora 
from the discharge area (18), no effects of plant 
operation are observable. 

Analyses of milk samples from the Ginna 
area have likewise been negative. Only the 
naturally occurring potassium-40 has been 
observed in milk. 

External pressurized ionization chamber 
readings taken at the Ginna site boundary by 
the State DEC gave the following average 
hourly exposure rates (7-9): 


1970: 
1971: 
1972: 


7.3 pR/h 
7.7 pR/h 
7.1 pR/h 


Appendix I to 10 CFR Part 50 


On December 3, 1970 the Atomic Energy 
Commission published in the Federal Register 
(35 F.R. 18385) amendments to 10 CFR Part 
50 that specified design and operating require- 
ments for nuclear power reactors to keep levels 


R. E. Ginna Nuclear Power Plant gross beta radioactivity levels 


in air particulates and water 





Station 


Air concentration 
(pCi/m*) 








Ontario: 














Water concentrations 
(pCi/liter) 





Station 


1971 





ma 


Beta 





Ontario: Maximum.| — 
Minimum.| — 
Average ._.| — 


























* No discernible photopeaks. 
ND, nondetectable. 
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Table 22. Radioactivity in biota in Lake Ontario near R. E. Ginna Nuclear Power Plant 





Number 
Station of 


Average concentration 
(pCi/kg wet weight) 





samples 


Co 





Sree 





Fish samples 
Brookwood _ __ Maximum 
Minimum 
Maximum 
Minimum 
Maximum 


Brookwood ______ 


1000 feet offshore 
Minimum 
Maximum 
Minimum 





Brookwood _ 








ZZZZZZZZ 
wlelelej~olo\~)~) 


0 
1900 


(2 samples) 




















Station 





Algae samples 


Water filtration plant - _ _- 


Ge nc tvcbcensawtataksdeance 











isi] 





Average concentrations 
(pCi/kg wet weight) 





»*Ru 























® Strontium-89 and strontium-90 values are bone concentrations. 
ND, nondetectable, below minimum detectable activity. 


of radioactivity in effluents to unrestricted 
areas as low as practicable. No numerical cri- 
teria or guidance were provided. Now, as speci- 
fied in its notice of proposed rulemaking pub- 
lished in the Federal Register of June 9, 1971 
(Vol. 36, No. III) the AEC has under considera- 
tion further amendments to 10 CFR 50 in the 
form of a new Appendix I. This amendment 
would provide numerical guides for meeting 
the “as low as practicable” criteria. 

Briefly summarized, the proposed Appendix 
I provides the following: 

1. For liquid releases except tritium; a 
limit of 5 Ci/yr per reactor and an 
annual average concentration not to 
exceed 20 pCi/liter prior to entering a 
natural body of water. 

For tritium; an annual average con- 
centration not to exceed 5000 pCi/liter 
prior to entering a natural body of 
water. 

For gaseous releases, a dose from all 
reactors at a site not to exceed 10 
mrem/yr at any point on the site 
boundary or any offsite location. 


The above mentioned release limits may be 
exceeded provided that: 
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Maximum exposure to the whole body 
or any organ except the thyroid of any 
offsite individual due to all liquid radio- 
active effluent releases from a site does 
not exceed 5 mrem/yr. 

Maximum exposure to the whole body 
or any organ except the thyroid of any 
offsite individual due to all gaseous 
radioactive effluent releases from a site 
does not exceed 5 mrem/yr. 

Maximum thyroid exposure is limited 
to 15 mrem/yr. 


This regulation is to be directed solely at 
light-water reactors used in the production of 
electric power. The AEC retains the right to 
set lower release limits on a case-by-case basis 
if it desires and if operation within the regula- 
tions already described may result in the dose 
to the whole body or any organ except the 
thyroid of any offsite individual, from all 
sources on a site, in excess of 5 mrem/yr, or 
15 mrem/yr for the thyroid. 

As has been indicated, this amendment is still 
under consideration at the time of preparation 
of this report. Facilities operating prior to its 
adoption will be required to meet the criteria 
discussed above by developing, within 36 
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months of the effective date of the regulations, 
technical specifications which will assure 
compliance. 

All operating and proposed nuclear-electric 
generating facilities in New York, in anticipa- 
tion of adoption of Appendix I, have begun or 
continued programs which are expected to 
comply with Appendix I. In some cases, this 
has necessitated design changes or addition of 
waste treatment capability. Compliance would 
therefore be expected from operating facilities 
well before the passing of 36 months. Those 
release quantities indicated in tables 6, 7, 13, 
15, 19, and 20 under “projected future” are 
those anticipated to comply with this new 
limitation. 


Nuclear Fuel Services, Inc. 


Nuclear Fuel Services, a subsidiary of Getty 
Oil Company, started operations in 1966 as a 
spent fuel reprocessing plant in the town of 
Ashford, Cattaraugus County. The site is 


located about 30 miles south of Buffalo. Original 
design capacity was 300 tons of nuclear fuels 
per year or about one ton per day. The plant 
is equipped with an ion exchange system and 
a lagoon system for maintaining control of 


low-level liquid waste discharges. Gaseous 
radioactive wastes are discharged through a 
200-foot stack. 

The land within 25 miles of the plant is used 
primarily for agricultural purposes. The great- 
est population densities are toward Buffalo, 
northwest of the site. The approximate popula- 
tion within 10 miles of the site is 15 700. 


Liquid waste 


Liquid waste is discharged at a controlled 
rate into Frank’s Creek, which flows into 
Buttermilk Creek and then to Cattaraugus 
Creek before leaving the site. Cattaraugus 
Creek flows to Lake Erie. There are no public 
drinking water supplies on any of the creeks, 
but Lake Erie is used as a public water supply 
for several municipalities, including Buffalo. 

The effluent discharge rate of the plant is 
normally about 200000 gallons per day. The 
treatment system originally consisted solely of 
a lagoon network for treatment of low-level 
liquid wastes. In May 1971, additional treat- 
ment capability in the form of a precipitation 
and ion exchange plant was added to the sys- 
tem. It is the intent of this plant to reduce 
concentrations of all radionuclides, except tri- 
tium, to below MPC, (from Atomic Energy 
Commission’s 10 CFR 20 regulation) at the 
point of discharge from the final holding lagoon 
(20). The lagoon network consists of two 22 000 
gallon interceptors, one 300000 gallon lagoon 
and two 2.3 million gallon lagoons. These 
lagoons provide hold-up capability of up to 
about 100 days, with the average being about 
1 month. Prior to installation of the additional 
treatment facilities, NFS operated under a pro- 
visional license which limited discharges such 
that gross beta radioactivity in the local offsite 
waters (Cattaraugus Creek) was less than 150 
pCi/liter. 

High level liquid wastes (ca 400 gallons/ 
tonne U) are stored onsite in vented under- 
ground steel vaults which are monitored for 
leakage. 

NFS ceased operations in December 1971 and 


Table 23. Radioactive liquid releases from Nuclear Fuel Services Reprocessing Plant * 





Radioactivity concentrations 












































* Release data from Quarterly Reports, reference 20. 
> NA, not available. 
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has not processed fuel since that time. Cleanup 
and decontamination in preparation for con- 
struction of additional throughput capacity 
have been carried out. The resumption of opera- 
tions at the old capacity or at some expanded 
capacity is not expected until about 1979. A 
record of historical releases of liquid wastes is 
presented in table 23. 


Gaseous waste discharge 


Gaseous wastes are discharged to the environ- 
ment via a 200-foot stack. Because of the long 
decay times prior to dissolution (150 day mini- 
mum—usually significantly longer) the only 
radioactive noble gas of significance is krypton- 
85. Some small amounts of iodines and particu- 
lates are also present, as is tritium. Krypton-85, 
tritium, and iodine-129 released in gaseous 
effluents have all been subject to various studies 
around NFS (21-23). Iodine-129 in particular 
has come under careful scrutiny recently by the 
State Department of Environmental Conserva- 
tion (24). The amounts of gaseous radioactive 
effluents released from NFS in recent years is 
presented in table 24 (20). 


Environmental monitoring 


The NFS facility, because it is the first pri- 
vately owned commercial fuel reprocessing 
plant in the United States, has been the object 
of some of the most extensive scientific evalua- 


tions carried out in the environmental radiation 
field. Preoperational environmental analyses 
began at the site in 1964 and routine post- 
operational monitoring has been carried out by 
several agencies since reprocessing commenced. 
In addition, many specialized specific studies 
have been conducted by various interested 
groups and organizations. The graphs in figures 
4 through 10 show the changes observed since 
1967 in various environmental radiation param- 
eters. These data are reported by NFS as the 
results of its own monitoring programs (25). 
The graphs are self-explanatory but a few 
particular observations might be mentioned 
here. 

First, the onsite gross beta activity in air is 
usually fractionally higher than the offsite 
average. A generally decreasing trend is ob- 
served, particularly since mid-1971, in both 
alpha and beta concentrations in air. 

Levels for gross beta, strontium-90 and tri- 
tium in Cattaraugus Creek are observed to have 
increased significantly above preoperational 
background levels in the late 1960’s, then de- 
creased somewhat since 1970 levels. 

Gross beta and alpha activity in silt taken 
from Cattaraugus or Buttermilk Creeks both 
show increases from 1967 levels with decreases 
following mid-1971. Concentrations of gamma- 
emitting nuclides, particularly cesium-137 and 
ruthenium-106, are of sufficient concentrations 
on creek bottoms and banks in the immediate 


Table 24. Radioactive gaseous releases from Nuclear Fuel Services Reprocessing Plant 





Radioactivity concentration 
(curies) 


Total 
fuel " 





Kr mi] 


pr 
(tons) 


Sr Sr 





327 000 <0.06 





110 000 6.6 X10-* 





360 000 <.08 





°625 000 <.03 


> 0.483 
> 1.07 
>.119 
>.187 


136.5 
139.0 
120.3 





220 800 1 070 2.4X10-% 


3.57 X10~4 2.73 X10-4 1.32 X10-* 





No dis- 
solutions 


5.47 -96 X10-? 














4.12 X10-? 2.1107 2.94 X10-? 














* 1967 to 1970 tritium releases as estimated, reference 23. 


> Gross beta on total particulates. 


tion. 
NA, not available. 
Release limits: 


rticulates—0.1 uCi/s 
fodine—3.3 Ci/yr 
krypton-85—12 600 Ci/day. 
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¢ Estimated using one half the reported monthly maximum percent release limits for entire month’s opera- 
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Figure 5. Alpha radioactivity in Cattaraugus 


Creek, downstream 


Beta and Strontium-90 Activity in Cattaraugus Creek 


Tritium Activity in Cattaraugus Creek (nCi/liter) 
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Figure 6. Gross beta and strontium-90 activity 


in Cattaraugus Creek, downstream 
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Figure 7. Tritium activity in Cattaraugus Creek, 


downstream 
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vicinity of the site to effect changes in dose 
readings above the creek when water flow is 
down. Such concentrations are variable subject 
to pH of the water, reproducibility in sampling, 
and scouring by high water flow. 

The milk from the NFS farm showed rela- 
tively stable concentrations of strontium-90 at 
a level less than 10 percent of allowable FRC 
limits for populations. This level is comparable 
to the level of strontium-90 in other milk 
samples in the EPA network. No iodine-131 
above the minimum detectable activity of 10 
pCi/liter has been detected. 

The fallout sampling station on the site has 
reported levels somewhat paralleling and con- 
sistently lower than the Environmental Protec- 
tion Agency national network average. 

Two biological species which have elicited 
interest at NFS are deer and fish (26). Both 
have been suggested as the possible pathway 
of concern for the “maximum” individual. 
Concentrations of radionuclides in fish and deer 
from the NFS area are given in tables 25 and 

26. Both averages and maximum observed 
"1063 1064 1065 1966 1967 10681060 1070 toni tor? 73. «C Concentrations are given for fish whereas only 
YEAR maximum observed concentrations are listed 

Figure 9. Strontium-90 in milk from NFS farm for deer. 
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Table 25. 


Concentrations of radionuclides in fish from NFS vicinity 





Concentration 
(pCi/kg wet weight) 





Sr ICs 
(bone) (flesh ) 





Fish samples: 
Average * 
Maximum * 
January-June 1971 
July-December 1971 
January-June 1972 


July-December 1972 





15 400 

620 000 
0 6 300 
18 500 


21 000 
9 500 


— 46 000 
290 000 


740 7 700 
7 200 


25 000 
1 340 

















* Average reported by NFS, maximum from NFS or DEC data on rough fish obtained onsite. 


> Equili 


rium with water concentration is assumed. 


Table 26. Concentrations of radionuclides in deer from NFS vicinity 





Concentration 
(pCi/kg wet weight) 





129 I in 
Sr thyroid 
(pCi/g) 





Deer samples * 


4 687 56 
1 428 














ND 
356 ND ND 


7 


ND 




















* All values are maximums reported by DEC in muscle tissue; iodine-129 in thyroids. 


ND, nondetectable. 


Comparisons between data on fish concen- 
trations at NFS and those at other facilities 
readily illustrate that much larger concentra- 
tions of nuclides are occurring near the NFS 
site. This is due both to the slightly larger 
releases which were taking place at NFS and 
to the much smaller dilution flows available. 
Consumption of 4.3 kg annually of fish contain- 
ing radionuclide concentrations reported in 
1971 would result in 1.3 mrem/yr whole body 
dose from radioactive cesiums and 1.2 mrem/ 
yr bone dose from strontium-90 (16). 

Background deer samples taken near Albany 
by the State DEC in 1970 showed no observable 
radionuclides in four specimens, except for 
cesium-137, which may be associated with fall- 
out (7). Maximum observed concentration of 
cesium-137 was 140 pCi/kg, which is signifi- 
cantly less than the 4687 pCi/kg observed in 
one NFS sample. Recalling that fallout at NFS 
is consistently below the national average 
points to the conclusion that the NFS facility 
is the source of this radionuclide in this case. 
Consumption of 4.8 kg annually of deer meat 
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containing the average concentrations reported 
in 1971 has been calculated to correspond to a 
0.4 mrem/yr whole-body dose from radioactive 
cesiums (16). Other investigations have identi- 
fied individuals consuming up to 50 kg/yr. 
For both fish and deer consumption pathways, 
the population at risk is small and confined 
primarily to the near vicinity of Cattaraugus 
Creek. 

Because of the system of milk pooling which 
exists in New York State area, milk contamina- 
tion by radioiodines might affect a much larger 
population. For this reason, the appearance of 
increased levels of iodine-129 in deer thyroids 
in 1970 led to studies by EPA and the State 
DEC which concentrated on this nuclide (22- 
24). Though only limited data are available, 
it is estimated that about 0.9 curies of iodine- 
129 were released from NFS in liquid effluents 
from April 1966 to July 1971. This is about 20 
percent of the estimated 4.4 curies present in 
all the fuel processed during this time. It is 
estimated that a minimum of 1.1 curies or 25 
percent of the iodine-129 in the fuel was re- 
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leased in gaseous effluents. During this period, 
the removal system consisted only of a chemical 
scrubber. For future operations, NFS will in- 
stall a caustic scrubber and a highly efficient 
silver zeolite absorber. The studies indicate that 
such improved iodine removal systems are war- 
ranted, since iodine-129 levels in animal species 
and in the environment reached 10° or 10* times 
background levels. Also, iodine-129 was identi- 
fied in milk samples (up to 2.1 pCi/liter) in the 
period of November 1971 through May 1972, 
when animals were on stored feed harvested in 
the summer of 1971. No long-term buildup in 
milk has been identified as yet. The half life 
by weathering is probably in the range of 
that of iodine-131, which is 12 to 20 days, 
and secretion into the milk once the iodine is 
ingested by the cow occurs in less than 1 day. 
Root uptake or resuspension and adsorption 
have not visibly contributed to iodine-129 
reaching the food chain. 

Pressurized ionization chamber readings by 
the State DEC gave the following average 
hourly exposure rates (7-9): 


1970: 9.3 pR/h 
1971: 8.6 »pR/h 
1972: 8.4 pR/h 


Brookhaven National Laboratory 


Brookhaven is located on a 5265 acre site in 
the center of Long Island, about 60 miles east 
of New York City. Three types of operations 
contribute to the local background. These are: 


. Gaseous and particulate radioactivity con- 
tained in cooling air effluent from the 
two reactors and from the hot lab, 

b. Low-level liquid waste releases to the 

environment, and 

c. Radiation from two multicurie field gam- 

ma sources. 

Of these, a and b, result in small quantities 
of radioactive materials reaching the offsite 
environment. 

The quantities of radioactive materials re- 
leased in liquid and gaseous effluents from vari- 
ous activities at the laboratory in recent years 
are indicated in tables 27 and 28, respectively 
(27). 

The following acronyms are applicable for 
Brookhaven : 


BGRR—Brookhaven Graphite Research 
Reactor 

HFBR—High Flux Beam Reactor 

MRR —Medical Research Reactor 

MRC —Medical Research Center 


Environmental monitoring 


Brookhaven National Laboratory has moni- 
tored various environmental media for several 
years (28). Recently, the State DEC has also 
done environmental monitoring. The DEC has 
annually analyzed milk and river water sam- 
ples from the vicinity since 1970. In addition, 
special samples such as ducks (in 1970), clams 
(1970) and harbor seal (1971) have been 
analyzed. Small amounts of radio-nuclides 


Table 27. Radioactive materials discharged in liquids from Brookhaven National Laboratory * 





Quantity 
(mCi) 





Sr *Zr-Nb 




















2.53 0.27 0.42 





5.11 0.51 5.91 11.02 6.79 

















* All contaminated flow passes through sand filter beds where approximately 15 percent passes into the ground water and 85 percent to the 
Peconic River. During 1972 of the Peconic River flow 45 percent went to ground water before leaving the laboratory perimeter and 55 percent 
went downstream. Thus, on the average, only 47 percent of the effluent flow ends up downstream. This same fraction of tritium would have 
ended up downstream but because of varying chemical differences, carryover fractions differ slightly for other nuclides. Since these fractions 
are influenced by stream flow rates, the amounts indicated are the total of the input to the Peconic River and that passing to ground water 


onsite. 
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Table 28. Radioactive gaseous discharges 
Brookhaven National Laboratory 





Gaseous tritium * releases 
(Ci) 








aa 7 
Chemistry ---- - 
Van de Graaff __ -_- 














Argon-41 release 
(Ci) 





193 000 
1 480 





1 347 


556 605 


* All as tritiated water vapor except 7.14 Ci in 1971 and 216.0 Ci in 
1972 as gas from the Van de Graaff. 

bIn addition, 12.0 mCi of gross beta particulates and 6.8 mCi of iodine- 
131 were discharged in 1969 while the BGRR was still in operation. 


characteristic of weapons test fallout were 
sometimes detected, but no isotopes attribut- 
able to operations of Brookhaven have been 
found (7-9). 

Table 29 gives tritium amounts and concen- 
trations in the Peconic River at the boundary 
of Brookhaven over the past few years. Large 
fluctuations are apparently due to variations in 
activities at the laboratory. The principal 
source of tritium is operation of the waste 
evaporator, which currently produces about 150 
mCi per operating day in about 1500 gallons 
of condensate. This has increased over the 
years roughly proportionately to the DTO con- 


centration in primary coolant of the High Flux 
Beam Reactor. Production of tritium from this 
source was about 50 mCi per operating day in 
early 1969 compared to 150 mCi in 1972.° 

Table 30 provides data for the same years 
(1969-1972) for radionuclide concentrations in 
precipitation and in milk from the dairy near- 
est BNL. As indicated, the State Department 
of Environmental Conservation began analyz- 
ing milk samples from this dairy in the second 
quarter of 1970. Besides strontium-90, the DEC 
analyzes for iodine-131, cesium-137, strontium- 
89, and tritium. The reported results for cesium- 
137 are about the same as those given by analy- 
ses at BNL. Iodine-131, strontium-89, and tri- 
tium concentrations have, on the average, been 
below detectable limits. 

The precipitation data demonstrate the sea- 
sonal pattern of transfer of fallout materials 
from the stratosphere, generally being at a 
maximum in late spring or early summer. 

The concentration of strontium-90 in milk 
from the nearest dairy was among the highest 
reported anywhere in New York State in 1972, 
averaging 16 pCi/liter. Such diverse locations 
as Cattaraugus County, Erie County, and 
Oswego County gave results of 15, 15, and 13 
pCi/liter, respectively, so that the concentra- 
tions at this location were not anomalously 


* Memorandum from A. P. Hull to C. B. Meinhold 
re: tritium concentrations in the Peconic River, Brook- 
haven National Laboratory. 


Table 29. Tritium amounts and concentrations at BNL perimeter, Peconic River samples, 1969 to 1972 





1969 


1970 


1971 1972 





Concen- 
Amount 


(Ci) (Ci) 


Amount 


Concen- 
tration 
(nCi/ 
liter) 


Concen- 
tration 
(nCi/ 
liter) 


Concen- 





o 


— Pee 
WAARONaANN 
a] BRARANOIAMAeHO 


September 
October 
November 


— 
. 

ae 

a 


. 
o 








| COO Om On Coe 


oo 


| 





is) 
— 














9 




















® Months during which evaporator was operated. 
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Table 30. Comparison of fallout-related levels in precipitation and milk in BNL area, 1969 to 1972 





1969 


1970 


1971 


1972 





Precipitation | 
(nCi/m 


Miik from 
nearest dairy 
(pCi/liter) 


Precipitation 
(nCi/m?) 





W7Cs Sr 


Gross | Sr 
beta 





Milk from 
nearest dairy 
(pCi /liter) 


Preci 
(nCi/m 


itation 
2) 


Milk from 
nearest dairy 
(pCi/liter) 


Precipitation 
(nCi/m?) 


Milk from 
nearest dairy 
(pCi /liter) 





27Cg 


BICs 





17Cg 


CNNOAR AR ONDWO 


| 
| <3 






























































* Information not available. 

b+ Measurements by Brookhaven National Laboratory. 

¢ Measurement by Department of Environmental Conservation. 
NA, no analysis. 


large and not conclusively contributable to any 
operations at BNL. 

External PIC readings were taken around 
BNL in 1970. The average reported dose rate 
of 7.3 »R/h was the lowest in the State along 
with the same value reported around the Ginna 
reactor (7). 


Table 31. 





Liquid releases 
(Ci) 


Facility 


Conclusion 


As a means of making some evaluation of the 
cumulative impact of all the facilities, the total 
yearly discharges for all of those discussed here 
have been compiled in table 31. Then, by tak- 
ing population exposures (man-rem within 50 


Total radioactive effiuent Cotes from major nuclear facilities in New York State 


Noble gas releases 
i) 








Indian Point Station Unit 1 

Nine Mile Point Nuciear Station Unit 1 
R. E. Ginna Nuclear Power Plant 
Nuclear Fuels Service _- ‘ 
Brookhaven - - - 


1971 1972 





380 
253 000 
31 800 
220 800 
556 


543 
520 000 
11 800 
194 480 605 








555 140 647 647 506 536 532 948 














Tritium in liquids 
(Ci) 


Airborne halogens and particulates * 
(Ci) 








Indian Point Station Unit 1 

Nine Mile Point Nuclear Station Unit 1 
R. E. Ginna Nuclear Power Plant--. -- 
Nuclear Fuels Sevices 

Brookhaven 








WEte<cssee 











1 327 0. 168 “0. 375 











* Excludes 1.1 Ci iodine-129 released from NFS in 1966 through 1972. 


> Insignificant. 
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Table 32. Population exposures within 50 miles of nuclear facilities in 
New York State * 





Dose from liquid releases 
(man-rem)| 








Indian Point Station Unit 1 

Nine Mile Point Nuclear Station Unit 1 
R. E. Ginna Nuclear Power Plant 
Nuclear Fuels Services 

Brookhaven 











Dose from gaseous releases 
(man-rem) 





Indian Point Station Unit 1 

Nine Mile Point Nuclear Station Unit 1 
R. E. Ginna Nuclear Power Plant 
Nuclear Fuels Services 

Brookhaven > 


























ose 
(man-rem) 























® The doses include all pathways for the given media. 
> Primarily from airborne tritium (906 curies in 1972). 


miles) reported in the literature or an environ- 
mental impact statement for the facilities, and 
by ratioing the reported release quantities in 
these reports to those given in this report for 
the various years, table 32 was compiled. This 
table gives the man-rem exposure total by gase- 
ous or liquid release within 50 miles of each 
facility (11,17,19,26,28,29). 

Because of possible changes in nuclide con- 
stituency with release quantities, direct ratio- 
ing in this manner is not strictly legitimate. 
Errors encountered in this usage would not be 
expected to exceed an order of magnitude. It is 
therefore possible to conclude that the popula- 
tion dose to citizens of New York during the 
period examined by this study was less than 
500 man-rem per year and, due to the conserva- 
tism of the assumptions, probably less than 
50 man-rem. For comparisons, it may be noted 
that a population of 20 million persons might be 
expected to incur on the order of 4 million man- 
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rem per year from other sources, natural and 
medical, if we assume these other sources to 
average 200 mrem per person per year. As a 
further comparison, the total man-rem expo- 
sure at a single facility (Nine Mile Point Nu- 
clear Station Unit 1) incurred by employees and 
visitors has ranged from 1.82 in 1969 to 285.5 
in 1972 (30). 
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Appendix 1* 





Minimum detectable sensitivity 
Air (pCi/m') 
a hace 0.003 


Maximum permissible concentration 


The maximum allowable U.S. AEC yearly 
average concentration in air for discharges to 
unrestricted areas in pCi/m* are: 


Fallout (pCi/ft?/day) 


Ruthenium-106 
Zirconium-niobium-95 ____- 
Strontium-89 

pwentiameee 2... 
Hydrogen-3 (pCi/liter) 


Water and milk (pCi/liter) 


a 

I a 
STEN RaN oar 

Cesium-134 _ 

Cobalt-60 

Ruthenium-106 __________- , 

I Se nh ae a at 
Sea 
Zirconium-niobium-95 _- 

Barium-140 

Iodine-131 (isotopic scan) __ 

Iodine-131 (ion exchange) ___._._______ 
EE 
Plutonium-239, -240 _._._._____________ 0.02 
ESET RL TESTES 
I 


Gross beta; varies with isotopes present 
Strontium-90 

BI peda a 0.07 
Ia a TE Saat” 0.06 
ll”. Eee! o 
| EA 
SARE AEA a 
Ruthenium-106 ___ > aes 


SirconiumeS ss ttCt«t:Ci OO 


otis snaptiaid an a 
iscenlentiaciinberttnceuiesasad a 


Barium-140 
Krypton-85 


The maximum allowable U.S. AEC yearly 


average concentration in water for discharges 
to unrestricted areas in pCi/liter are: 


Gross beta; varies with isotopes present 
Gross alpha; varies with isotopes present 
Iodine-129 ‘ieee chs he aleralaeea cue 
| EEN anee aye 300 


Strontium-90 aw __.800 
Strontium-89 z bes hoes 3,000 
Uranium-234 Me oe 3,000 
Uranium-235 ___ JN 3,000 
Uranium-238 __ i _4,000 
Plutonium-238 _ S , ____ 5,000 
Hydrogen-3 ____________ 3,000,000 
Plutonium-239 _ ss bee ____5,000 
Plutonium-240 ____ __ Sieve 5,000 
Cesium-134 » ib kabladaessliass ais ignite hake 
Cesium-137 _.20,000 
Cerium-144 _ __10,000 
Cobalt-60 __80,000 
Ruthenium-106 ___10,000 
Antimony-125 __.100,000 
Zince-65 ___ 100,000 
Zirconium-95 60,000 
REET A RT EB ANE ea tee 100,000 





® This table is taken from the 1972 “Annual Report of Environmental Radiation in New York State,” New 
York State Department of Environmental Conservation, Albany, N.Y. 12201. 
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Calculated Field Intensities Near a High Power UHF Broadcast Installation 


Richard A. Tell and John C. Nelson * 


A UHF transmitter site in the Washington, D.C. area, which is used 
cooperatively by two UHF television stations, was chosen for calcula- 
tions of effective radiated power (ERP), field strength, and power den- 
sity. Using the specifications for the two broadcasting stations, field 
strengths and power densities were calculated and presented graphically. 

The calculated power densities for this broadcasting installation 
showed that the exposure values fall very sharply as the distance from 
the tower increases to about 1 mile. At distances beyond 0.5 miles, the 
maximum exposure values calculated were about 2.7 .W/cm’ occurring 
at 0.5, 3.3, and 4.5 miles. As the height above ground at the receiving 
point is increased, the exposure value generally increases. 

Based on the calculations for the 135 degree radial and the computed 
population distribution, it appears that approximately 86000 people 
reside in an area within which the estimated exposure is 1 ».W/cm* or 


more. 


This report concerns itself with ambient 
radiofrequency (RF) exposure levels in the 
near vicinity of a high power UHF television 
(TV) broadcast installation in the Washington, 
D.C. metropolitan area. Recently, attention has 
been focused on the discovery of undesirable 
UHF interference to cardiac pacemakers (1) 
and the long standing interest in the possible 
long-term, low-level (nonthermal) biological 
effects of electromagnetic energy in this fre- 
quency range (2). Though the potential con- 
tribution to human RF exposure from broad- 
cast stations has been examined in general (2), 
this report deals specifically with calculation 
of radiation fields of the UHF broadcast serv- 
ice. More exactly, a first order approximation 
of radiated field intensity, utilizing transmitter 
characteristics, antenna vertical radiation pat- 
terns, and topographic terrain information, was 
used to develop power density and field strength 
curves as a function of distance from a UHF 
TV installation and varying heights above 
ground. Additionally, the 1970 census data were 
used in an automated manner to compute the 
population residing within areas subject to 


‘U.S. Environmental Protection Agency, Electromag- 
netic Radiation Analysis Branch, Office of Radiation 
Programs, 9100 Brookville Road, Silver Spring, Md. 
20910. 
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specific calculated levels of RF exposure. 

A UHF transmitter site in the Washington, 
D.C. area was chosen for the calculations which 
follow. This particular location (figure 1) is the 
site of WDCA (channel 20, commercial) and 
WETA (channel 26, educational), the trans- 
mitting antennas of both stations being colo- 
cated on the same tower. Table 1 summarizes 
some of the technical specifications for these 
two stations. The combined effective radiated 
power (ERP), including both visual and aural 
carriers, is approximately 5.6 MW and repre- 
sents one of the most powerful UHF outlets 
in this country. A maximum ERP of 5.0 MW 
for a single station is allowed by the Federal 
Communications Commission (FCC). As of De- 
cember 1, 1971, there were 306 UHF television 
stations on the air in the United States (4). 


Table 1. Pertinent information for UHF TV complex 


Channel 
UHF TV complex 


WDCA-20 | WETA-26 


Visual carrier frequency (MHz) - 

Aural carrier frequency (MHz) 

Maximum antenna gain (dB) __. 

Antenna manufacturer - ‘ 

Antenna type 

Visual maximum ERP (kW) 

Aural maximum ERP (kW) - - _- enbionl 
Elevation of antenna center of radiation 

















> 
Sg 
VIENNA oa 
FALLS CHURCH 





SILVER SPRING 


¢ 
TAK OMA PARK 


Buyar 
. TSVILLE 











Figure 1. Location of WDCA-WETA transmitting tower 


Method 


The problem of calculating ground level field 
intensities from elevated UHF broadcast an- 
tennas over a spherical earth can become ex- 
tremely complex requiring tedious ground re- 
flection coefficient computations (5-7). Even 
when utilizing these more sophisticated ana- 
lytical techniques, variations in actual terrain 
and electromagnetic obstacles such as buildings, 
overhead power lines, automobiles, and foliage 
often distort the actual field values significantly 
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from those which were calculated. For this 
reason, a simplified approach was used to esti- 
mate, for hazard purposes, the RF field inten- 
sities around the WDCA-WETA complex. 
Figure 2 diagrammatically illustrates this ap- 
proach. For any exposure point, B, elevated 
above the earth, there exist two incident waves 
emitted by the transmitting antenna at a height 
h, above ground; one wave is directly radiated 
from the tower to the exposure point while 
another is reflected from the ground at point C. 
These two waves, depending on their relative 
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Figure 2. Diagram of approach for estimation of RF field intensities 


phase and intensity, will combine (construc- 
tively or destructively) at point B to produce 
a resultant field. In reality, the resultant field 
tends to oscillate about the value given by the 
direct wave alone, depending on whether point 
B is moved vertically above ground or laterally 
away from the source. In the model used in this 
report, a worst case assumption has been made, 
in accordance with FCC recommendations (8), 
that the ground-reflected wave is equally in- 
tense as the direct wave and adds vectorially 
to double the field strength value at point B 
over what could be accounted for by considering 
only the direct wave. The assumption of 100 
percent ground reflection offers a conservative 
means of evaluating the maximally potentially 
hazardous UHF fields. 

The RF exposure values calculated were ob- 
tained through the free space relation: 


2 Ra \/30 Pt 
Es = (ath geet > 
where: 


E,; = field strength (V/m) at point B, 

Ra = relative field factor of TV antenna 
vertical radiation pattern, 

Pt = sum of maximum visual and aural 
ERP for a given station (W), and 

d = distance of point B from antenna tower 


(m). 
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The relative field factor, Re, is determined 
from manufacturers data for each transmitting 
antenna as a function of the depression angle a. 
A plot of Ra vs. depression angle is known as 
the vertical radiation pattern for a TV broad- 
casting antenna. Figure 3 is the vertical pattern 
for the WDCA transmitting antenna. This pat- 
tern was obtained from station records main- 
tained by the FCC. Normal practice in plotting 
relative field data limits the published curves 
to depression angles of approximately 10 to 11 
degrees below the horizontal. Thus, for areas 
extremely close to the antenna installation 
where the depression angle may be very steep, 
data are usually not included in the pattern. 
However, beyond angles of 10 degrees or so, Ra 
is usually not changing, and if so, only within 
a few percent of its value at 10 degrees. For 
the calculations here, advice from the manufac- 
turers indicated that an Ra value equal to the 
10 degree value was applicable for all steeper 
depression angles. 

In practice, actual terrain elevation values 
(taken from USGS quadrangle topographic 
maps) were used to compute a and the antenna- 
to-exposure point distance, each 0.1 mile from 
the tower. A total of eight equally spaced 
radials (0 to 10 miles) were used to examine 
possible differences in ground level values due 
to topographic features in different directions 
from the tower site. 
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Figure 3. Vertical radiation pattern for the WDCA 
transmitting antenna 


From the calculated field strengths for each 
station, the resultant power densities were 
determined by: 


w= 
Zo 
where: 
W = power density (W/m’), 
E = field strength (V/m), and 
Z, = intrinsic impedance of free space — 
120 = ohms. 


Exposure values were determined for field 
strength in units of V/m and dB/(»V/m) and 
for power density in units of ».W/cm? and dB/ 
(uW/cm?’). 


An estimate of the population residing in 
the vicinity of this UHF broadcast installation 
was made by modifying the computer programs 
developed by the Institute for Telecommunica- 
tions Sciences (ITS) in Boulder, Colo. (9). 
The ITS technique allows computer retrieval 
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of U.S. Census Bureau data stored by geo- 
graphical coordinates and computation via a 
model of the population within annular rings 
about a given location. The program was modi- 
fied to allow calculation at 0.1 mile intervals. 
This model when compared with manual tech- 
niques of estimating population was found to 
have an accuracy of better than 1 percent at a 
radial distance of 10 miles (10). The accuracy 
is dependent upon the total number of census 
enumeration districts included within the area 
in question; thus, as the radial distance de- 
creases to zero, the accuracy becomes poorer. 
At very short distances, this error has not been 
evaluated. Using this approach, however, values 
for the population in circular areas, increasing 
by 0.1 mile in radius, were determined for the 
WDCA-WETA site up to 10 miles. 


Results 


Table 2 is a sample computer output for 
WDCA-TV showing the calculated field strength 
and power density for a distance up to 4 miles. 
In this listing, the field strength is that value 
which would be associated with the summation 
of both visual and aural carriers. The results 
of these and calculations along other radials 
are given in figure 4. This graph represents 
a family of eight curves showing very little 
effect of differences in terrain profiles. A power 
density of slightly more than 28 »W/cm? is 
found directly beneath the antenna at ground 
level while at 10 miles, the exposure is less than 
1 »W/cm*. Figure 5 is a dB plot of the 135 
degree radial information giving better detail 
of the field amplitude values. Figure 6 expands 
the horizontal scale factor, showing the pre- 
vious information in the 0-3 mile range. 

Ground level field strengths (assuming 100 
percent ground reflection) are represented in 
figure 7 for both WDCA and WETA at 135 
degrees. At reasonable distances from the 
tower, when high depression angle detail is no 
longer important, it can be seen that though 
WDCA has approximately four times the ERP 
of WETA, the calculated field strength is only 
about twice at great. 

The effect of increasing the exposure location 
height above ground can be seen in figure 8. 
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Table 2. Calculated field strength and power density for a distance up to 4 miles 
for WDCA-TV 








FOLLOWING DATA FOR WDCA-TV, 


WASHINGTONs DeCe 


CALCULATED FOR 135 DEGREE RADIAL 





FeSe(V/M) 





102137 
8-38176 
684935 
4+ 49883 
325104 
208781 
2242969 
2209779 
129325 
1670991 
1651487 
1° 42997 
1+43055 
1+28734 
1+28813 
1623182 
1-39712 
1255025 
1-67822 
1+59999 
1.76728 
2.00245 
2024876 
2215132 
2037666 
2228163 
2019414 
2.4828 
2039419 
2031161 
2023456 
2651702 
2.75983 
2+67623 
2089567 
2.22962 
2016757 
2.189 
260536 
2.52456 
2+ 46132 
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27-6712 146-184 
18-635 138+467 
9267793 135-621 
5-36855 133-962 
3e26867 130-907 
2-185 129-158 
1256588 127-711 
1°e1673 126-435 
©990597 125-722 
¢© 775539 124-659 
« 6989062 123-603 
542392 123-106 
542834 123-11 

© 439589 122-194 
© 449126 122-199 
« 402486 121-811 
©51776 122-9985 
«637474 123-808 
°« 74706 124-497 
«679656 124-028 
°828459 124-946 
1-86361 126-031 
1234135 127-839 
122763 126-654 
1-49828 127-519 
138086 127-165 
1°27699 126-825 
1-2-6351 127-899 
1+52046 127-583 
1241738 127-278 
1°¢32447 126-984 
1¢ 68047 128-018 
292633 128-818 
1-8998 128-55 

222411 129-235 
1-31862 126-964 
1224625 126-719 
1-17981 126-481 
1211864 126-25 

1+ 49056 128-944 
1+«69692 127-823 
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Figure 4. Power density curves along eight radials 
from WDCA-WETA transmitting antenna 


WOCA-WETA POWER DENSITY AT 135 DEGREES 
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Figure 5. Power density curve along 135 degree radial 
for WDCA-WETA transmitting antenna 
(0 to 10 miles) 


Separate curves delineate the power density at in the District of Columbia are substantially 
heights of 0, 100, 200, 300, 400, and 500 feet. lower than the Monument. Two buildings very 
The tallest structure in the Washington, D.C. near the WDCA-WETA site, both high-rise 
area in which people are allowed is the Wash- apartment buildings, are 143 feet above ground. 
ington Monument at 555 feet. Most buildings The buildings are within 0.5 miles of the tower. 
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Figure 6. Power density curve along 135 degree radial 
for WDCA-WETA transmitting antenna (0—3 miles) 


Computer generated values for population 
about the transmitting site were determined on 
the ITS computer and then the data were re- 
formatted and machine plotted by EPA. Figure 
9 shows the results for a distance up to 10 
miles from the site. From this curve, it is pos- 
sible to estimate the number of persons living 
within various distances for which estimates 
of RF exposure were made. For the area defined 
by a 10-mile radius, the population estimate is 
1.60 million. Based on 1960 census data, this 
number was 1.38 million. Within extremely 


close distance to the site coordinates (0.3 miles), 
the computed population is 0, due to the fact 
that the computer program searches for a popu- 
lation centroid with coordinates lying within 
the given radius. Out to a radius of 0.3 miles 
from the tower, no population centroids were 
found. At a radius of 1 mile, however, 19 census 
enumeration districts (CEDs) had been located. 
Table 3 is a listing of the number of CEDs 
within 10 miles at intervals of 1 mile. 


Table 3. Census enumeration district distribution 





Radius in miles Number of census 
enumeration districts 











Discussion and conclusions 


The calculated power densities for the 
WDCA-WETA broadcasting installation show 
that with the conservative assumptions made 
in this process, the exposure values fall very 
sharply (by about 16 dB) as the distance from 
the site increases to approximately 1 mile. This 
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Figure 7. Ground level field strength curves for 
WDCA-WETA along the 135 degree radial 
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WOCR-WETA POWER DENSITY AT DIFFERENT HEIGHTS ABOVE GROUND 
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Figure 8. Power density curves for WDCA-WETA trans- 
mitting antenna at various heights above ground 
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Figure 9. Computer generated values for population 
around the WDCA-WETA transmitting site 


is in accordance with the way the depression 
angle a varies, «a being almost 8 degrees at 1 
mile for a tower height of 750 feet (11). At this 
small angle, the relative field factor for both 
antennas has nearly reached a constant value. 

Terrain irregularities account for observable 
differences in ground level exposures with what 
appears to be a maximum variation of a factor 
of 5 at a distance of 3.3 miles. Differences at 
other distances between individual radial di- 
rections are, in general, substantially less. The 
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region of most directional variation in exposure 
occurs between approximately 2 and 5 miles. 
At distances beyond 0.5 miles, the maximum 
exposure values calculated were about 2.7 ».W/ 
cm®* occurring at 0.5, 3.3, and 4.5 miles. 

As the height above ground at the receiving 
point is increased, the exposure value remains 
fairly constant. Except in the region very near 
the tower base (i.e., less than 0.5 mile), the dis- 
tance at which the peak power density occurs 
increases slightly with decreasing height above 
ground. 

Based on these calculations for the 135 de- 
gree radial and the computed population dis- 
tribution, it appears that approximately 86 000 
people reside in an area within which the esti- 
mated exposure value is 1 »«»W/cm? or more. It 
must be borne in mind, though, that these cal- 
culations assume perfect ground reflection and 
no intervening obstacles and thus represent an 
idealized situation not present in reality. Thus 
these computed exposure estimates must be 
used only as a general indication of potential 
idealized exposure. How far the estimates are 
in error remains to be determined by actual 
field measurements. It is known that free space 
values diverge drastically from actual values 
in typical environments and as the distance 
between transmitter and receiver increases. For 
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example, it has been found from field strength 
measurements of a New York City UHF TV 
station (channel 31) that actual field values 
measured on unobstructed roof-tops were typi- 
cally from 7 to 13 dB (mean value of about 10 
dB) down from free space calculated values (no 
ground reflection assumed) for distances up to 
about 13 miles (12). In fact, in this same study, 
field strengths which exceeded the free space 
calculated value were found at only 3 percent of 
the total 3179 roof-top locations measured. This 
finding, if applied to values calculated here, 
would reduce the potential power density ex- 
posure levels indicated by a factor of about 
1/36. Such a reduction probably places the 
farther-away values in a more realistic range. 
Calculated values very near to the source (1 
mile) are probably more nearly correct due to 
lack of intervening terrain clutter. 


The attenuating effect of buildings also tends 
to reduce actual field values substantially. In 
the above mentioned study, indoor field strength 
measurements showed field strengths relative 
to free space in the range of -39 to -47 dB 
(mean value of about -43 dB) for the UHF 
channel or an additional perturbation of about 
33 dB due to building effects. Other studies of 
insertion loss effects of buildings show simi- 
larly high values of attenuation (13). 

The essence of these experimental findings 
indicates that calculated values of field intensity 
cannot be used to explicitly define whether an 
RF hazard exists or not; actual field measure- 
ments are necessary to verify predictions. 
Nevertheless, first order approximations can 
serve to identify areas requiring further inves- 
tigation. Also, the possibility of complex stand- 
ing wave configurations resulting in extra in- 
tense fields support the more conservative cal- 
culational approach until supplementary meas- 
urement data are available. 

Regardless of the possible error in the values 
computed here, it is safe to say that, in terms 
of a direct thermalizing effect of RF (generally 
associated with exposures greater than 10 mW/ 
cm?) no areas around the WDCA-WETA site 
appear to present an RF exposure hazard. The 
currently accepted RF levels considered safe 
for continuous occupational exposure are de- 
fined in the ANSI (14), USAF-Army (15), 
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ACGIH (16), and OSHA (17) standards as 
10 mW/cm? for the UHF frequency region. 
Whether these guides should apply to the gen- 
eral populace as a whole has not been decided. 
The possibility of interference to critical de- 
vices, such as cardiac pacers and electroexplo- 
sive devices, is a more difficult situation to 
assess. No standards, per se, exist which define 
hazardous vs. nonhazardous levels of RF for 
these devices from an interference standpoint. 
It has been found that cardiac pacers are ap- 
parently more susceptible to pulsed RF fields 
(similar to radar transmission) than to contin- 
uous wave (CW) type fields (similar to TV 
transmission). However, extensive testing of a 
variety of pacers indicates that some combina- 
tions of CW type signals which produce a 
rapidly changing electric field gradient can be 
viewed as “pseudo-pulsed” fields giving rise to 
pacer interference (18). In one case, a pacer 
failure in the vicinity of a high power UHF TV 
station has been attributed to the varying am- 
plitude of the station’s signal (1). It was felt 
that bursts of detected video modulation or 
synchronization pulses were not of sufficient 
length to cause automatic reversion to a fixed 
pacer rate which is a feature of some pace- 
makers when exposed to high frequency inter- 
ference. Fields strengths in the mentioned case 
were between 0.5 and 1.0 V/m. Additionally, 
recent unpublished data has revealed disrup- 
tion of pacemaker operation near the tower of 
a multistation TV broadcast outlet.? Despite 
possible variabilities in the computed field 
strength values in this report, fields of these 
strengths should readily exist within 1 mile of 
the WDCA-WETA site. 

An interesting possibility is brought to light 
by this exercise; namely that, in the UHF 
broadcast service, large numbers of people in 
this country may be routinely exposed to RF 
fields in excess of 1 »«»W/cm*. This is the Soviet 
standard for nonoccupational exposure in this 
frequency band (19). For Soviet radiation 
workers, a 10 »W/cm?® level is permitted for 
daily exposures of 6-8 hours. Field measure- 
ments will be required to verify that routine ex- 
posures like this do in fact exist. However, the 


* Personal communication with J. C. Mitchell, Febru- 
ary 16, 1974. 
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implication is fairly strong that at least some 
selected population groups, near the higher 
power UHF stations are exposed to levels ex- 
ceeding 1 ».W/cm? and thus raises the question 
of the applicability of the Soviet standard as an 
environmental exposure limit in the United 
States. 

In conclusion, first order approximations to 
ground level field intensities from a UHF TV 
broadcast complex have been made for hazard 
analysis purposes. Though at modest distances 
from the source, large differences between cal- 
culated values and actual values can exist (cal- 
culated values being higher), computed values 
very near the source should be useful for es- 
tablishing the existence of high-level, thermal- 
izing hazards. In the case examined, under no 
circumstances can field intensities greater than 
28 ».W/cm® be envisioned at ground level, this 
being directly beneath the tower. Since the 
case considered here represents a combined 
effective radiated power greater than the maxi- 
mum possible authorized power for a single 
UHF TV broadcast station, it is inconceivable 
that for similar tower heights any single UHF 


TV station in the U.S. could produce fields 
greater than those calculated. 
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Analysis of Radiation Exposures on or Near Uranium Mill Tailings Piles 


Keith J. Schiager' 


Potential radiation exposures from abandoned uranium mill tailings 
piles may be predicted in a general manner using minimal input data. 
If the average radium concentration in the tailings Cx. is known, the 
external gamma exposure rate over the tailings can be estimated from: 
X (uR/h) = 2.5 Cra (pCi/g). The radon emanation rate can also be 
estimated as: ¢ (pCi Rn/m*-s) = 1.6 Cr, (pCi/g). The reductions of 
exposure rates that can be achieved by covering the tailings with earth 
or concrete also are discussed. Radon progeny inhalation exposures 
depend upon the dispersion rate of radon in the atmosphere and the time 
available for progeny ingrowth. Meteorological data for the site are 
required for making reliable predictions of inhalation exposures. It is 
shown, however, that contributions to the average annual outdoor radon 
progeny concentrations exceeding 0.003 WL are very unlikely on or near 
any tailings pile. The methods used to analyze potential radiation ex- 
posures are illustrated by a case study on one abandoned tailings pile. 


Uranium mill tailings piles are a source of 
potential radiation exposure to persons in the 
immediate vicinity. During the period of active 
use, exposures are primarily confined to mill 
personnel and are classified as occupational. For 
the purpose of preparing environmental re- 
ports, however, mill operators need to predict 
exposure rates that would occur both during 
use and also after stabilization. The analytical 
methods presented herein may be helpful in 
preparing such environmental reports. 

Abandoned tailings piles present some special 
problems in addition to those encountered with 
active piles. If left unstabilized, an abandoned 
pile serves as a continuing source of environ- 
mental contamination as a result of wind and 
water erosion. The cost of stabilization, how- 
ever, may be a significant economic burden if 
required of an owner who cannot realize an 
associated land-use benefit. Furthermore, even 
a stabilized pile represents a long-term net cost 
to the community if it cannot be used in some 
productive manner; the actual cost depends, 
of course, on the location of the pile and its 
potential for development. 

The construction of enclosed buildings on, 

*Formerly with the Department of Radiology and 
Radiation Biology, Colorado State University, Fort 


Collins, Colo., current address is Los Alamos Scientific 
Laboratory, Los Alamos, N. Mex. 87544. 
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or immediately adjacent to, tailings piles is not 
thoroughly considered in this analysis; such 
use is not usually an acceptable option. How- 
ever, data on the effectiveness of concrete slabs 
for reducing exposures are included since some 
potential uses of tailings may involve concrete 
surfacing. These data also can be applied in 
the analysis of exposures in structures already 
built over tailings. 


Basic principles 


The analytical methods presented in this 
discussion, and the kinds and sources of data 
required to support the analysis, were deter- 
mined by the following basic principles. 


Short-term stabilization versus long-term risk 


At the present time, there is no proven method 
that is economically feasible for permanently 
eliminating the possibility of radiation ex- 
posures from radium-bearing tailings left on 
the earth’s surface. The half-life of radium-226 
is more than 1600 years, and typical uranium 
mill tailings contain radium concentrations ap- 
proximately 100 times greater than ordinary 
Colorado soil (1,2). To reduce the radiation 
exposure potential to a level comparable to the 
normal background would require a decay time 
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of more than 10 000 years. If the thorium-230 
precursor of radium-226, with a half-life of 
80 000 years, is present in significant quantities, 
the time element of the argument would be 
extended accordingly. No human institution, 
government or private, can effectively guaran- 
tee control over any parcel of land for thou- 
sands of years. 

Any form of control or stabilization, whether 
by productive development or by nonproductive 
access restrictions, can be considered valid for 
only one or two generations. Consequently, any 
decision on a potential utilization of a tailings 
site should be based upon the careful appraisal 
of both the predictable radiation exposures and 
the expected benefits of the alternative choices 
over the time period of the anticipated utiliza- 
tion. 


Radiation exposure sources 


Radium and its decay products can produce 
radiation exposures through three basic routes; 
each potential exposure route must be consid- 
ered independently. 


1. Ingestion. Radium may be leached from 
tailings and enter surface waters or subsurface 
aquifers. The radium may subsequently be in- 
gested directly with the water or transferred 
to humans through foods. The obvious preven- 
tive measure is to prevent leaching of the tail- 
ings. Whether to be used productively or not, a 
tailings pile should be contoured and covered in 
a manner that will minimize both leaching and 
erosion. In general, the risk of radium inges- 
tion will be reduced in direct proportion to the 
thickness and durability of the cover material 
used for stabilization. The risk of contamina- 
tion of water with radium is primarily depend- 
ent upon local variables, e.g. topography, soil 
characteristics, proximity of surface waters 
and subsurface aquifers, climate, etc. The risk 
of ingestion cannot be generalized as readily 
as can the other exposure risks and, conse- 
quently, is not considered further here. 


2. Inhalation. Radium decays to radon, a 
noble gas that diffuses readily in air, as well as 
through many apparently solid materials. The 
radon that is produced in the uranium decay 
series is radon-222 which has a half-life of 3.8 
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days, or a mean lifetime of 5.5 days. During 
this mean lifetime, a radon atom may be trans- 
ported hundreds of miles through the atmos- 
phere. However, it would diffuse only a few 
feet through earth or tailings, and only a few 
inches through good concrete, during its life- 
time. 

The inhalation exposure of greatest impor- 
tance is produced by the short-lived decay prod- 
ucts of radon, rather than by the gas itself. 
Following its decay as radon, an atom pro- 
gresses through four additional decays in a 
mean time of 74 minutes, emitting 2 alpha and 
2 beta particles in the process. Most of the 
gamma rays arising from the radium decay se- 
ries also originate from these short-lived prog- 
eny. Inhaled radon progeny atoms can deposit 
as solid particles in the respiratory tract. 
Completion of their decay sequence at or near 
the site of deposition produces a highly localized 
radiation dose to the respiratory epithelium, 
particularly due to the short-range alpha 
particles. 

Concentrations of radon progeny in air are 
commonly expressed in units of working levels 
(WL)*. One WL is equivalent to the radon 
progeny that would be present in equilibrium 
with a radon concentration of 100 pCi/liter. 
Equilibrium in air between radon and its prog- 
eny is rarely approached, however, except out- 
doors at some distance above the ground. Even 
outdoors, therefore, it is necessary to determine 
radon progeny concentrations, as opposed to 
radon only. 


8. External. Most of the radon produced by 
decay of radium is trapped in solid particles. 
In typical tailings, the “emanating power” (i.e. 
the fraction of the radon that is free to diffuse) 
is approximately 20 percent (1). The remaining 
radon (80 percent), plus all of the associated 
decay products, provide a source of gamma rays 
from within the tailings. 

In contrast with ingestion or inhalation expo- 
sures, external gamma rays expose the entire 
body, including the gonads, blood-forming 
organs, and other sensitive tissues. However, 


?One WL is defined as any combination of radon 
progeny in 1 liter of air that will result in the ultimate 
emission of 1.3 x 10° MeV of alpha energy during decay 
to lead-210. 
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this source of exposure can be reduced and 
controlled much more easily than can the 
emanation of radon. The feasibility of reducing 
gamma exposure rates essentially to normal 
background levels is presented in a following 
section. 


Annual averages 


All of the radiation protection guides for the 
general public are based upon averages over a 
period of 1 year or longer. For each type of 
variable exposure, therefore, it is necessary to 
determine long-term averages rather than rely- 
ing upon single measurements or peak values. 
The evaluation of long-term average exposures 
must include consideration of reasonable annual 
occupancy factors as well as the variability of 
the exposure rates. Any radiation exposure 
situation that involves less than 24 hours/day 
and 365 days/year of exposure time must be 
evaluated on the basis of the maximum poten- 
tial exposure to any individual and the pre- 
dicted average exposure to a population group. 


Simplifying assumptions and approximations 


In keeping with the proposed applications of 
the data and methods which follow, namely to 
permit reasonably accurate exposure estimates 
to be made for alternative uses of tailings loca- 
tions, certain approximations are used to sim- 
plify the calculations. Sufficient background in- 
formation and data are included, however, to 
support the simplifications. In view of the nu- 
merous environmental variables that affect the 
potential radiation exposures, the use of simpli- 
fying assumptions is believed to be justified. 
The accuracy of the exposure predictions de- 
pends much more heavily on the validity of the 


Table 1. Gamma-ray emission and exposure data for 


radium (1, 4) 





Number of photons per radium decay 2.184 
Total photon energy per radium decay 1.80 MeV 
Mean photon energy .824 MeV 
Flux at 1 meter from a 1 curie point source: 

Photon flux 

Energy flux a 
Fluence-to-exposure ¢ conversions: 

Photon fluence. - - - eu ies 2 300 photons/cm?—uR 

Energy fluence _ - _- _| 1 900 MeV/cm?—4R 
Gamma-ray exposure constant “(for a source 

sealed in 0.5 mm platinum) - - -------~-~-- ‘ 


6.4 X10 photons/em’?—s 
5.3 K105 MeV /cm?—s 


.84 R/h at 1 m from 1 Ci 
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data introduced into the calculations than it 
does on the analytical approximations. 

Both customary and metric units are used 
throughout the presentation depending on com- 
mon usage for the quantity involved. Although 
all quantities were converted to metric units 
for purposes of calculation, many customary 
units were retained in the figures and text for 
the convenience of readers. 


External gamma-ray exposures 


Most tailings sites are sufficiently large that 
they may be treated as slabs of infinite area for 
purposes of calculating gamma-ray exposures 
directly over the surface. The unscattered flux 
of gamma rays reaching a point near the sur- 
face of an infinite slab source can be expressed 
as (3): 


® = S/2y [1— E, (ux)] 


where: # = primary gamma-ray flux 
(photons/cm?-s) 
S = gamma-ray emission rate 
(photons/cm*-s) 
» = linear attenuation coefficient in the 
slab material (cm-') 
= slab thickness (cm) 
E( ux) = second order exponential 
integral 


= px [i eu? du 


The radium decay series produces gamma 
rays over a broad range of energies and rela- 
tive emission rates. The linear attenuation co- 
efficient, », is also energy dependent. Thus, a 
precise calculation of the unscattered photon 
flux above the slab would require a summation 
of the contributions of the gamma rays of each 
energy. It is possible, however, to obtain rea- 
sonably good results using values that have 
been appropriately averaged for the entire 
energy spectrum. Some appropriate numerical 
values are shown in table 1. A graph of the 
function [1 — E,(yx)] versus »x is shown in 
figure 1. 

Data pertaining to both source terms and 
shielding functions are listed in table 2. The 
activity concentration shown for tailings (Cr, 
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Ux 
Figure 1. Plot of the function 1-E, (ux) versus ux 


Table 2. Exposure rate variables for environmental radium 
and radon 


(values are typical or reasonable averages) (1) 





Concrete 
(ordinary) 


Tailings Earth 
(moist 
packed) 


Variable 





Radium concentration, Ca, (pCi/g) -- 
Density, p(g/cm*)__._..__-_-- 
Attenuation coefficient, u(em~!) 
Tenth value layer (1x =0.1 Ih) 
Porosity (fraction void) é 
Diffusion coefficient, D(em?/s)___..__| £ 
Relaxation length, (Cx==Co/e) -_ ~~ _- 














= 250 pCi/g) is considered typical for the sand 
portion, although actual concentrations may 
range from 130 to 300 pCi/g. The radium con- 
centrations shown for earth and concrete are 
approximations only; actual values generally 
are in the range of 0 to 10 pCi/g. 

Based upon the data contained in tables 1 and 
2, one can calculate the emission rate of the 
unscattered photons: 


S =(C,, pCi/g) (0.037 dis/s-pCi) (1.6 g/ 
em*) (2.184 photons/dis) 
= 0.13 Cz, photons/cm*-s 


where Cr, = concentration of radium in the 
tailings (pCi/g) 

For values of ux greater than 3, the function 
[1 — E.(»x)] is essentially equal to 1 and the 
unscattered flux will be the same as that from 
an infinitely thick slab: 
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® = S/2y = (0.13 Cg, photons/cm*-s) /2(0.11 
cm-") 
= 0.59 Cp, photons/cm?-s 


The contribution of the unscattered flux to 
the exposure rate is then calculated to be: 


X= (0.59 Cz, photons/cm*-s) (3600 s/h)/ 
(2300 photons/cm?-yR) 
= 0.92 Cp, »«R/h 


The total exposure rate over the slab, how- 
ever, is only partially due to unscattered gamma 
rays. Scattered gamma rays contribute more 
to the exposure rate over the slab than the pri- 
mary photons do. It is necessary, therefore, to 
incorporate a “buildup factor” into the calcu- 
lations to account for the exposure contribu- 
tion from the scattered radiation. 

Buildup factors can be, and have been, cal- 
culated on a theoretical basis, but this approach 
requires sophisticated data and computerized 
analyses. The more common approach is to 
determine the buildup factor empirically by 
finding the function that best fits the experi- 
mental data. Most buildup factors reported in 
the literature (3,4) are applicable to slabs of 
shielding materials, rather than to slab sources. 
The following buildup factor is proposed for 
use in calculations involving tailings piles since 
it fits the available experimental data quite 
well: 


ux/1+px 


Since the value of » varies from approxi- 
mately 0.11 cm“ in dry tailings to 0.16 cm” 
in concrete, the value of B increases very 
slowly for x greater than 60 cm, or 24 inches. 
The values of [1 — E.(ux)] and of B need be 
determined only if one is concerned with shal- 
low slabs of tailings. For such situations, the 
graph shown in figure 2 can be used to deter- 
mine the fraction of the maximum exposure 
rate that would be produced over the slab. Be- 
cause of the steep slope of the curve for slab 
thicknesses of only a few inches, the determina- 
tion of the slab thickness is crucial for pre- 
dicting exposure rates over thin layers of 
tailings. 
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Figure 2. Fractional contribution to gamma exposure 
rate at surface depth of infinite slab of earth 
(or tailings) containing radium 


For any situation involving tailings depths 
of more than 1 or 2 feet, the value of ux becomes 
very large, and the external exposure rate over 
the tailings can be calculated as follows: 


X (uR/h) = 0.92 e Cr. (pCi/g) 
= 2.5 Ca, (pCi/g) 


The relationship calculated above is in ex- 
cellent agreement with a simplified formula 
presented by Hultqvist (5) for determining the 
dose rate above soils containing radium: 


D (mrads/yr) in air = 
18.4 « 10S (g Ra/g soil) 


This formula, when converted to the units 
used in this paper, becomes: 


X (x R/h) = 

18.4 (g-mrad/pCi-yr) Cr, (pCi/g) 10° (uR/mR) 

sd 766 (h/yr) (0.877 rad/R) —t”™ 
= 2.4 Cp, (pCi/g) 


It should be pointed out here that accurate 
mvasurements of external gamma-ray exposure 
rates in the environment are not generally ob- 
tained with portable survey instruments. Most 
instruments are calibrated against point sources 
exhibiting only the primary photon energy 
spectrum. Because of the energy dependence 
of most survey instruments, they tend to over- 
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= 
oO 
i) 


NO 
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So 


= 2.18x - 17.2 


or 


= 0,46y + 7.9 


r = 0,996 
n= 30 


PORTABLE SCINTILLOMETER READINGS 
Ww 
—) 
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0 





i 
0 100 


ACTUAL EXPOSURE RATE (MR/h) 
(PRESSURIZED IONIZATION CHAMBER) 


Figure 3. Scintillometer readings versus gamma expo- 
sure rate measured with a pressurized ionization 
chamber at identical locations 


respond to scattered radiation, which comprises 
60 to 70 percent of the total in the environment. 
Figure 3 shows a calibration curve for a scintil- 
lation crystal (Nal) survey meter that was 
calibrated to read the correct exposure rate 
when exposed to a point source of radium. In 
general, readings obtained over tailings loca- 
tions were more than double the true exposure 
rate, as determined with a pressurized ioniza- 
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tion chamber. Although this calibration applies 
only to one specific instrument, calibration 
curves for many other instruments are similar. 

Gamma-ray exposures from tailings can be 
reduced to levels comparable to the natural 
background by covering with earth to a depth 
of approximately 2 feet. The reduction factors 
that can be achieved with various thicknesses of 
earth or concrete can be determined from the 
graph in figure 4. 
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Figure 4. Reduction of gamma exposure rate resulting 
from earth or concrete shielding (2) 


0.001 





Radon emanation 


The rate of radon emanation from a thick 
slab of uranium mill tailings is primarily de- 
pendent on the radium concentration and the 
fraction of the radon that escapes from the solid 
particles and is free to diffuse. The radon flux 
expected at the surface of a slab of dry tailings 
is shown in figure 5 as a function of slab thick- 
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Figure 5. Fractional radon emanation rate versus 
depth of bare tailings (1) 


ness. The shape of the curve is similar to that 
which describes the gamma-ray flux; the most 
notable difference is the scale for the depth of 
tailings. A slab of 6 to 10 feet in depth is 
required to produce the maximum radon flux. 
The relationship between the maximum radon 
flux and the radium concentration is: 


@« (pCi Rn/m’-s) _ 6 
Cra (pCi Ra/g) ie 


or da (pCi/m*-s) = 1.6 Cz, (pCi/g) 


For tailings depths of only a few feet, the flux 
can be predicted as a fraction (#,/@«) of the 
flux for a slab of infinite thickness, as shown 
in figure 5. 

Radon emanation cannot be stopped as 
readily with earth as can gamma rays. As shown 
in table 2, the “relaxation length” (the distance 
required to reduce the radon concentration by 
a factor of e) is approximately 1.5 meters of 
earth, or approximately 10 times greater than 
the thickness required to reduce the gamma-ray 
exposure rate by the same factor. Consequently, 
the thickness of earth cover required to reduce 
the radon flux to a level equivalent to the normal 
background would be approximately 20 feet. On 
the other hand, the diffusion coefficient for 
radon in concrete is approximately three orders 
of magnitude smaller than it is in earth. The 
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Figure 6. Fractional radon emanation rate through con- 
crete slab placed over a thick layer of tailings 
versus slab thickness (1) 


relaxation length is correspondingly shorter 
(5 cm or 2 inches), indicating the potential of 
using concrete slabs to reduce radon diffusion, 
as shown in figure 6. 


Radon progeny ingrowth 


The concentration of radon in the atmosphere 
depends upon the rate of dispersion as well as 
upon the rate of emanation into the atmosphere. 
The actual inhalation exposure, however, is 
determined by the concentration of radon 
progeny which is also dependent upon the mean 
“age” of the radon. Evans (6) has presented a 
detailed but concise analysis of the behavior 
of radon progeny. The radon progeny concen- 
tration per unit concentration of radon, for 
ingrowth times up to 12 minutes, starting with 
radon contamination only, is shown in figure 7. 
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Figure 7. Ingrowth rate of radon progeny from 
radon-222 (in units of working levels, WL) 


For typical tailings piles of several hundred 
meters in width, and typical wind speeds of a 
few meters per second, the transit time over 
the tailings is rarely more than a few minutes. 
Thus, the ingrowth of radon progeny in the 
immediate vicinity of the pile can seldom ex- 
ceed 10 percent of its equilibrium value, or 
0.001 WL per pCi of radon per liter. The maxi- 
mum concentration of radon progeny, under 
most meteorological conditions, would occur 
just beyond the edge of the pile; further down- 
wind, the dilution of the radon in the atmos- 
phere more than compensates for the subse- 
quent ingrowth of the progeny. 

In the special situation in which buildings 
are located immediately adjacent to a tailings 
pile, the indoor radon concentration in such 
buildings would be in equilibrium with that 
found outdoors. The residence time of the air 
indoors would be long enough, however, for the 
radon progeny to reach a significant fraction 
of the equilibrium concentration. It is highly 
likely that the radon progeny concentration in 
a building adjacent to, but not on, a tailings 
pile would be higher than the maximum outdoor 
concentration. Such situations obviously require 
more detailed evaluations. 


Atmospheric dispersion 


The method used to calculate the concentra- 
tion and mean age of radon in the atmosphere 
is shown in figure 8. The method is based on 
one important assumption: that the lateral 
extent of the area source (tailings), upwind 
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Figure 8. Atmospheric dilution diagram for radon 
emanating from a large slab source, 
e.g., a tailings pile 


from the point where the concentration is to be 
determined, is large compared to the horizontal 
dispersion coefficient for the assumed meteoro- 
logical condition. This assumption will always 
be satisfied if the width of the upwinding tail- 
ings area, w, is of the same order of magnitude 
as the travel distance in the direction of the 
wind, x. 

Horizontal and vertical dispersion coeffi- 
cients, o, and o,, represent the mean mixing 
distances, for various meteorological conditions, 
as functions of the downwind travel distance 
(7). For the stated assumption, i.e. W>><o,, 
the actual value of o, is not required for the 
analysis to be made here. However, the value 
of oc, is crucial; values of o, for x in the range 
of 100 to 1000 meters are plotted in figure 9. 

Consider a thin section of air extending 
across the tailings slab in a direction normal to 
the wind. The area of this section of air at the 
slab surface is wAx, where Ax is a small incre- 
ment of distance in the direction of the wind, 
and w is the width of the slab. The height of 
this section of air is assumed to be the mean 
vertical mixing height, o,, at the mean travel 
distance, x/2. 

The total distance in the direction of the wind, 
from the upwind edge of the source area to the 
point where the concentration is to be deter- 
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mined, is defined as x. At a wind speed of u, the 
total time available for accumulation of radon 
in the section of air is x/u; the mean radon 
age is x/2u. 

The radon concentration is calculated as 
follows: 


Cra (pCi/m*) = 
[¢ (pCi/m*-s)] [wax (m*)] [x/u (s)] 
[wAxe, (m*)] 





= @x/use, (pCi/m*) 
= 10° $x/use, (pCi/liter) 


The preceding calculation applies strictly to 
instantaneous conditions and to locations on or 
immediately adjacent to a tailings pile. The 
concentration at a distance, d, further down- 
wind from the tailings pile, may be estimated 
from: 


ayo, (at x) 


Cnn (at x+d) = Cun (at 
po oh 548) = Can, RR) re 





In this case, the mean travel time, or the 
mean age of the radon, would be (d+-x/2)u. 
Beyond the range for which this calculation is 
valid, the radon concentration will be too low to 
be of much interest. 
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Figure 9. Vertical dispersion coefficients by atmospheric 
stability classes (after Pasquill and Gifford) (7) 


Case study—the Vitro site 


The data and computations which follow are 
presented as a case study to illustrate proce- 
dures for predicting radiation exposures that 
might be encountered as a result of commercial 
development of a uranium mill tailings pile. 
This case was selected because it involved a 
specific proposal by the Silvex Corporation of 
Salt Lake City to construct an automobile race 
track on the site of the abandoned tailings pile 
of the Vitro Chemical Corporation near Salt 
Lake City. The average radium concentration 
in this pile has been estimated to be 290 pCi/g. 

The general layout of the tailings pile from 
the Vitro mill, and the location of the proposed 
Silvex Speedway, is shown in figure 10. The 
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general wind pattern, as reported by Shearer 
and Sill (8), is shown on the site plan. The 
prevailing wind, occurring approximately half 
of the time, is from the south-southeast. The 
most frequent wind direction is from the north- 
west; it is referred to as the “Salt Lake City” 
wind, and occurs about 20 percent of the time. 
A “morning” wind from the south occurs some- 
what less frequently. 

The estimated distribution of tailings over 
the 93-acre site is listed in table 3. The source 
terms for calculating potential radiation ex- 
posures are contained in table 4. The gamma- 
ray exposure rate of 1.1 mR/h over the bare 
tailings was measured with CaF,:Dy thermo- 
luminescent dosimeters (8). The source used in 
the calibration of these dosimeters was not 
specified. The radon emanation rates were cal- 
culated in the manner previously presented. 


Exposure calculations 


The specific assumptions used in the calcula- 
tion of radon and radon progeny concentra- 
tions also are shown in figure 10. The most 
important exposure location was assumed to be 
the proposed track. Since the largest source of 
radon lies to the southwest of the track, the 
SSE prevailing wind was assumed. The radon 
flux in the upwind area (cross-hatched) was 
assumed to be 350 pCi/m*-s. 

Because of a lack of specific meteorological 
data, three atmospheric stability conditions (B, 
D, and F), and three wind speeds for each 
stability class, were assumed. A frequency of 
occurrence, based upon generalizations from 
other locations, was assigned to each meteoro- 
logical condition. Since the calculations were 
made only for the prevailing wind direction, the 
frequencies of occurrence were selected to pro- 
duce a total of 100 percent, although the actual 
frequencies for this wind direction would be 
only 50 percent of the total. For the indicated 
wind direction, the mean source distance, x, is 
1400 feet (460 meters). 

The intermediate results obtained from the 
atmospheric dispersion and concentration cal- 
culations are shown in table 5. The calculated 
average radon concentration, for the stated as- 
sumptions, turned out to be 6.8 pCi/liter, com- 
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Table 3. Estimated distribution of tailings on old Vitro mill site 





Quantity of tailings 





Average | Exposed 
depth area 
(feet) (m?) 





: : - 21 000 
Noth parking e . . ° 42 000 
South parking a P . i 41 000 





Subtotal ° ° ° ° 104 000 


Other: 
TRIED 5. ont icesticowas peal . 
South frontage-_---.-- pEthcetinngnned 5. . ° . 72 000 
M&R -48 . . 167 000 


693 b1.5 ° . “848 000° 


























® Areas determined from architect’s drawings for Silvex Speedway. All other numbers are esti- 
mates derived from (a) and (b) and from personal observations. 
> Personal communication from Mr. Robert J. Catlin, USAEC, April 11, 1973. 


Table 4. Radiation exposure source terms for Vitro mill site 





Average Bare tailings exposures Covered tailings 
tailings Exposed 
Site area * depth area 

(feet) (m?) Radon Gamma Radon Gamma 
(pCi/m*-s) (mR/h) (pCi/m?-s) (mR/h) 











Vacant (north) 


1 foot earth 350 
Tack: parking 


2 feet earth 


on 


none 
2 feet earth 
+ 9 inches concrete 
2 feet earth 
2 feet earth 
| : 2 feet earth 
167 000 s 1 foot earth 


Surroundings 
South parking 
South frontage-----_.-_-- Re Meg eee 
M&R 


_ = 
oor &£O ow 











la cAl 

















® Designated areas are as shown in figure 10. 


Table 5. Calculations of average concentrations of radon and progeny 





Radon flux, ¢: 350 pCi/m*-s 
Source distance, X: 1400 feet or 460 m 








Atmospheric stability class: 


Vertical dispersion B, good dispersion D, neutral 
coefficient, oz (at X/2): 23 








— concentration: 
C; = (10-4) gx/uez: (pCi/liter) 
Contribution to annual average, 
_ Crm tC;: (pCi/liter) 
Radon progeny concentration: 
Ingrowth time, x/2u: 





Progeny oe fraction, 
L =e i Rn/liter: [104] .8 
WL, = (WL-1/pCi)C;: [ X104] 4 
Contribution to annual average, 
WL; =fWL,;: [X104] -64 
































Annual averages (calculated from above assumptions): 
Radon, C(average) = 2Cf=6.8 pCi/liter 
Radon progeny, WL(average) == WL:=0.0029 WL 
Average radon progeny ingrowth = 0.0029/6.8 = 0.00043, or 4 percent of equilibrium. 
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Figure 10. Radon source geometry for prevailing wind at proposed 
Silvex Speedway 


pared with a measured value (8) of 10 pCi/liter. 
The calculated average concentration of radon 
progeny is 0.0029 WL. 

At least two potential sources of error in the 
theoretical analysis of radon exposures should 
be noted: 

(1) Errors in the assumed meteorological 
conditions. Although the mean wind speed used 
in the calculations (9 miles per hour) is es- 
sentially the same as that observed during the 
period of the radon measurements (8), the 
assumed dispersion conditions may not be ade- 
quately representative. Also, the use of only 
the prevailing wind direction in the calcula- 
tions tends to produce an overestimate of the 
average radon concentration. 
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(2) Errors in the assumed radon flux. The 
radon emanation rate used in the calculations 
was based upon experimental data obtained 
with dry tailings. The radon flux can be lowered 
significantly if the tailings are soaked and/or 
covered with standing water. 

Although the numerical values used in the 
calculations were carried to two or three figures, 
the resulting exposure estimates should be 
interpreted as valid only to one significant 
figure, with an estimated overall accuracy of 
approximately a factor of two. 


Occupancy factors 


Radiation protection guides for the general 
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public are always based on annual averages 
and not on instantaneous peak values. In the 
case of the proposed Silvex Speedway, the auto- 
mobile racing season would be limited to about 
5 months—primarily by the temperature range 
that is acceptable to spectators in outdoor 
grandstands. For the foreseeable future, the 
track proposed to schedule events no more than 
three nights a week; however, it is possible 
that it might eventually be used as many as 
six evenings each week. In addition, a few 
special events, e.g. snowmobile racing, could 
be scheduled during the winter. The maximum 
number of track use days could conceivably be 
150 per year. 

The average time that most spectators will 
remain at any sporting event is generally 4 
hours or less. Consequently, the maximum pub- 
lic attendance time at the track might be as 
high as 600 hours, although the average expo- 
sure time would obviously be much less. A full- 
time employee at the track would be exposed a 
maximum of 2000 hours per year, although 
fewer hours would be more likely. 


Enclosed structures 


The most significant type of radiation expo- 
sure produced by uranium mill tailings, and the 
most difficult and costly to control, is the expo- 
sure to airborne radon progeny in enclosed 
spaces. If a structure is built in direct contact 
with tailings, it is possible for radon to diffuse 
directly from the tailings into the structure. 
If a structure is merely situated in an environ- 
ment containing abnormally high atmospheric 
radon concentrations, the indoor concentration 
of radon will be essentially equal to the outdoor 
concentration. 

The critical factor in determining the indoor 
radon progeny concentration, in addition to 
ascertaining the concentration of the radon, is 
the assessment of the mean residence time of 
the radon in the indoor atmosphere. In private 
homes, the typical air residence time falls in 
the range of 20 to 60 minutes. In commercial 
structures, the average time for one complete 
air exchange is frequently less than 20 minutes. 

In the case of the proposed Silvex Speedway, 
the only enclosed areas would be the snack bars, 
the rest rooms, a press box and a club house. 
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Each of these structures would have to be de- 
signed in a manner that would minimize the 
buildup of radon and progeny. The direct dif- 
fusion of radon into these structures from tail- 
ings beneath them could be minimized by using 
extra thick concrete floor slabs, or even multi- 
layered floors with radon barriers between the 
layers. 

Even with radon barriers in the floors, the 
indoor radon concentrations would be in equilib- 
rium with the outdoor concentrations. During 
occupancy, ingrowth of radon progeny might 
have to be minimized by reducing the mean air 
residence time indoors to a few minutes, or by 
continually recirculating and filtering the air. 
These precautions would be needed for the 
benefit of track employees who would be spend- 
ing much more time indoors than the race 
spectators. However, since the situation could 
be evaluated prior to construction, the radon 
progeny exposures could be controlled appro- 
priately. 


Radiation dose limits and population risk 


There is no recognized radioactivity concen- 
tration guide (RCG) for radon alone, nor is 
there a radiation protection guide (RPG) for 
the general population for the type of radiation 
exposure of concern here. However, there are 
three acceptable sources of recommended expo- 
sure limits from which inferences may be 
drawn. Each of the recommended exposure 
limits is based upon the dose to the respiratory 
tract from the alpha particles emitted by the 
short-lived progeny, but each is restricted to 
occupational exposures or to a special situation. 

The ICRP (9) recommends a limit for con- 
tinuous occupational exposure of 10 pCi of 
radon per liter of air, including all of the 
daughter products ordinarily found in unfiltered 
air. Depending upon the degree of equilibrium, 
this limit would be equivalent to 0.03 to 0.1 WL. 
The ICRP further recommends that the aver- 
age permissible limit for the population at 
large should not exceed one-thirtieth of the 
continuous occupational value. Although the 
phrase “populations at large” is not precisely 
defined, the continuous public exposure limit 
recommended by the ICRP could be as low as 
0.001 to 0.003 WL. 
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In connection with the anticipated remedial 
action program for buildings in Grand Junc- 
tion, Colo. (where tailings had been used as 
construction fill), exposure guidelines were set 
by the U.S. Surgeon General (10). The Surgeon 
General’s guidelines state that for an annual 
average exposure of less than 0.001 WL, no 
corrective action is indicated. This limit, of 
course, was set only for a preexisting exposure 
condition and is not directly applicable to a 
preplanned situation. However, if this limit is 
reduced by another factor of three to account 
for a general, as opposed to a limited, popula- 
tion, the annual average exposure limit would 
be equivalent to the ICRP value, or 0.003 WL. 

The third exposure limit from which an 
inference may be drawn is that recommended 
by the Federal Radiation Council (11) and sub- 
sequently adopted by the U.S. Department of 
Labor. This limit applies to uranium miners 
and is expressed as an annual exposure limit 
of 4 WL-months per year. Since one month of 
occupational exposure consists of 173 hours, 
this is equal to an exposure-time product of 692 
WL-hours per year. If this limit is reduced by 
the factor of 30 recommended by the ICRP, 
the resulting limit for the general population 
becomes, by inference, about 23 WL-hours per 
year. If this number is divided by 8766 hours/ 
year, the average annual exposure limit would 
also be 0.003 WL. 

Whether or not the occupational exposure 
limit for radon progeny inhalation should be 
reduced for the general population by the same 
factor as is applied to other kinds of radiation 
exposure is a matter of conjecture. In a com- 
prehensive analysis of the incidence of lung 
cancer among uranium miners, Lundin et al. 
(12) found no indication of additional risk 
among miners having a cumulative exposure of 
less than 120 WL-months. Spread out over a 
nominal 70-year lifetime, rather than the 30 
years used in deriving the occupational limit, 
the equivalent continuous exposure rate would 
be 0.03 WL. Radon progeny inhalation may, 
in fact, be one type of exposure for which there 
is a practical, if not theoretical, threshold for 
somatic biological effects. 

Since all of the recommended exposure limits 
are for exposures in addition to natural back- 
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ground radiation, the natural concentrations of 
radon and its progeny must be considered. 
Eisenbud (13) states that “the average con- 
centrations of radon in outdoor air may be 
taken to be in the range of 0.1 to 0.5 pCi/liter 
and the radon concentration inside buildings is 
somewhat higher and in round numbers may 
be taken as 0.5 pCi/liter on the average.” In 
a study of radon in ground level air at Cincin- 
nati, Ohio, Cox et al. (14) found that monthly 
average concentrations ranged from 0.1 to 1.5 
pCi/liter during an 8-year period. Radon 
progeny concentrations in outdoor air, meas- 
ured in Colorado, are typically in the range 
of 0.001 to 0.01 WL, with a mean of about 
0.004 WL. 

Conversion of all of the calculated exposures 
and inferred exposure limits to common units 
of WL-hours per year permits the following 
comparisons: 


Naturally occurring radon progeny, outdoors: 
0.004 WL x 8766 h/yr = 35 WL-h/yr 


Occupational exposure limit for uranium 
miners: 


4 WL-mo/yr x 173 h/mo = 692 WL-h/yr 


Inferred population exposure limit (in addi- 
tion to natural background) : 
0.003 WL x 8766 h/yr = 26 WL-h/yr 


Full-time race track employees (maximum) : 
0.003 WL x 2000 h/yr = 6 WL-h/yr 


Individual spectators (maximum) : 
0.003 WL x 600 h/yr = 2 WL-h/yr 


At present there is no consensus on the ap- 
propriate conversion of working-level-months 
to man-rems or any other acceptable units of 
population dose commitment. However, it can 
be pointed out that if the track were to be 
completed as proposed, a few full-time em- 
ployees would receive an exposure increment of 
17 percent above the normal background expo- 
sure, corresponding to 1 percent of the occupa- 
tional exposure limit, or 23 percent of the popu- 
lation exposure limit. A few thousand members 
of the general public could receive a maximum 
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additional exposure of 6 percent over the 
natural background or about 8 percent of the 
inferred population exposure limit. 


Conclusions 


For a depth of tailings of more than 1 or 2 
feet thick, the gamma exposure rate over the 
tailings can be estimated from: 


X (uR/h) = 2.5 Cr, (pCi/g) 


Since C,, refers to a uniform concentration 
of radium in the tailings, it is essential that 
the value of Cz, used in the above calculation 
be representative of the pile as a whole. 
Nonuniformity of the radium concentration 
would produce variations in measured exposure 
rates over the pile, but would have minimal 
effects on long-term average exposures. 

The gamma-ray exposure rate over a tailings 
pile can be reduced to essentially that of the 
normal background by a cover of 2 feet of 
packed earth. 

The radon emanation rate from the surface 
of a dry, bare tailings pile several feet thick 
can be estimated from: 


@« (pCi/Rn/m?*-s) = 1.6 Cz, (pCi Ra/g) 


Air concentrations of radon will be highest at 
the downwind edge of the pile. Earth covering 
will not be very effective for reducing radon 
emanation; 2 feet of earth would only reduce 
the radon flux to about three-fourths of its 
initial value. 

The air concentration of radon progeny, the 
determinant factor for inhalation exposures, 
depends upon both the concentration and the 
mean age of the radon. For typical piles and 
wind conditions, the ingrowth of radon progeny 
near the pile will rarely reach 10 percent of 
equilibrium with the maximum radon concen- 
tration. It is also unlikely that the outdoor 
radon progeny concentration, on or near any 
tailings pile, would exceed an annual average 
of 0.003 WL in addition to natural background. 

All of the radon and radon progeny concen- 
trations presented in this paper were calculated 
on the basis of very conservative assumptions. 
To the extent possible, the calculations should 
be verified and refined. Air sampling for radon 
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progeny concentrations, even for a relatively 
short time period, would provide some experi- 
mental evidence of actual conditions. A refine- 
ment of the theoretical analysis could also be 
made by using actual meteorological data for 
the local area instead of the assumed conditions 
used in the preceding calculations. 

Enclosed structures should not be constructed 
on, or adjacent to, tailings piles without valid 
assurances that the occupancy factors will be 
quite low. Even then, special attention must be 
given to construction plans, and especially to 
ventilation, to assure low indoor air residence 
times during the periods of occupancy. 

Until a permanent solution is found to the 
problem of abandoned uranium mill tailings, 
any plans for stabilization or utilization must 
be regarded as valid for only a short time 
period, e.g. 25-50 years. Although denial of all 
public access to a tailings pile may be a con- 
venient and expedient action for a regulatory 
agency (15-17), it has not been conclusively 
demonstrated to be in the best public interest 
in all cases. If a productive use is proposed for 
an abandoned tailings location, a detailed analy- 
sis should be made of the potential radiation 
exposures involved. It is apparent that, in some 
circumstances, the radiation exposure risk 
would be extremely low and might well be 
completely offset by the benefits to be derived 
from productive use. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, February 1974 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the en- 
vironment from nuclear activities. In addition, 
milk is produced and consumed on a regular 
basis, is convenient to handle and analyze, and 
samples representative of general population 
consumption readily can be obtained. Therefore, 
milk sampling networks have been found to be 
an effective mechanism for obtaining informa- 
tion on current radionuclide concentrations and 
long-term trends. From such information, pub- 
lic health agencies can determine the need for 
further investigation or corrective public health 
action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, 
Environmental Protection Agency, and the 
Office of Food Sanitation, Food and Drug 
Administration, Public Health Service, consists 
of 65 sampling stations: 63 located in the 
United States, one in Puerto Rico, and one in 
the Cana! Zone. Many of the State health de- 
partments also conduct local milk surveillance 
programs which provide more comprehensive 
coverage within the individual State. Data 
from 15 of these State networks are reported 
routinely in Radiation Data and Reports. 
Additional networks for the routine surveillance 
of radioactivity in milk in the Western Hemis- 
phere and their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. 
Environmental Frotection Agency)—5 sam- 
pling stations 


Canadian Milk Networks (Radiation Pro- 
tection Division, Canadian Department of 
National Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the net- 
works reporting presently in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activi- 
ties, the present format integrates the comple- 
mentary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium- 
89, strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium-40, 
occurs naturally in 0.0118 percent (2) abun- 
dance of the element potassium, resulting in a 
specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radiostron- 
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tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963-March 1966 
(3) and are used for general radiation cal- 
culations. 


Accuracy of data from various milk networks 


In order to combine data from the inter- 
national, national, and State networks con- 
sidered in this report, first it was necessary to 
determine the accuracy with which each labora- 
tory is making its determinations and the 
agreement of the measurements among the 
laboratories. The Analytical Quality Control 
Service of the Research and Development Pro- 
gram conducts periodic studies to assess the 
accuracy of determinations of radionuclides in 
milk performed by interested radiochemical 
laboratories. The generalized procedure for 
making such a study has been previously out- 
lined (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating in 
an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of 
the 18 laboratories producing data for the net- 
work reports in Radiation Data and Reports, 
14 participated in the study. 


Table 1. 


The accuracy results of this study for these 
14 laboratories are shown in table 1. The accu- 
racy of the cesium-137 measurements continues 
to be excellent as in previous experiments. How- 
ever, both the accuracy and precision need to be 
improved for iodine-131, strontium-89, and 
strontium-90 which could probably be accom- 
plished through recalibration. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding 
of several parameters is useful for interpreting 
the data. Therefore, the various milk surveil- 
lance networks that report regularly were sur- 
veyed for information on analytical methods, 
sampling and analysis frequencies, and esti- 
mated analytical errors associated with the 
data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own 
modifications and refinements of these basic 
methodologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
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quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rela- 
tively stable over short periods of time, and 
sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and 
generally is increased at the first measurement 
or recognition of a new influx of this radio- 
nuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis 
(6) of raw and pasteurized milk samples col- 
lected during January 1964 to June 1966 indi- 
cated that for relatively similar milkshed or 
sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk 
are not statistically significant (6). Particular 
attention was paid to strontium-90 and cesium- 
137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
IC tats: § alanine 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
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considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample 
determinations. The treatment of measure- 
ments equal to or below those practical report- 
ing levels for calculation purposes, particularly 
in calculating monthly averages, is discussed in 
the data presentation. 

Analytical error of precision expressed as 
pCi /liter or percent in a given concentration 
range also has been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 
1-5 pCi/liter for levels <50 
pCi /liter ; 

5-10% for levels =50 pCi /liter ; 

1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10 for levels =20 pCi /liter ; 

4-10 pCi/liter for levels <100 
pCi ‘liter; 

4-10% for levels =100 pCi/ 
liter. 


Radionuclide 
Strontium-89 


Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the United States data on 
radioactivity in milk in perspective, a summary 
of the guidance provided by the Federal Radia- 
tion Council for specific environmental condi- 
tions was presented in the February 1973 issue 
of Radiation Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are reported routinely in Radiation Data 
and Reports. The relationship between the PMN 
stations and the State stations is shown in 
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Table 2. Concentrations of radionuclides in milk for February 1974 and 12-month period 
March 1973 through February 1974 





Radionuclide concentration 
(pCi fliter) 





Sampling location Strontium-90 Cesium-137 
Monthly 12-month Monthly 
average > average average > average 
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Table 2. Concentrations of radionuclides in milk for February 1974 and 12-month period 
March 1973 through February 1974—-continued 





Radionuclide concentration 
(pCi /liter) 


; : Type 
Sampling location of Strontium-90 Cesium-137 
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Monthly 12-month Monthly 12-month 
average > average average > average 
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Fayetteville 
Kingston 
Knoxville 


Dallas. _- 
Salt Lake Citys 
Burlington®___ _- 
Norfolke 
Seattlee___- 
Spokane?__ 
Benton County 
Franklin County 
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Sandpoint, Idaho- 
Skagit County 

y. Va: Charleston* 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for February 1974 and 12-month period 
March 1973 through February 1974—continued 





Rs 


sample * 


Sampling location 





Radionuclide concentration 
(pCi /liter) 





Strontium-90 Cesium-137 








CANADA: 
Alberta: Calagary 
Edmonton 
British Columbia: Vancouver- -- 
Manitoba: Winnipeg-.- 
New Brunswick: Moncton.-. 
Newfoundland: St. John’s_ 
Nova Scotia: 

Ontario: 


Quebec: 


Saskatchewan: 
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Canal Zone: 
Chile: 
Colombia: 
Ecuador: 
Jamaica: 
Puerto Rico: 
Venezuela: 


Guayaquil 
Mandeville 
San Juan* 
Caracas 
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PMN network average* 


12-month 
average 


Monthly 


Monthl 
average > ! 


average > 


12-month 
average 
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* P, pasteurized milk. 
R, raw milk. 


| 
| 
| 
| 
| 


> When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0” was used for averaging. 
Monthly averages less than the practical reporting level reflect the fact that some but not all of the individual samples making up the 
average contained levels greater than the practical reporting level. When more than one analysis was made in a month period, the number 


of samples in the monthly average is given in parentheses. 


¢ Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 
4 The practical oe level for this network differs from the general ones given in the text. Sampling results for these networks 
a 


were equal to or less than the following practical reporting levels: 
Cesium-137: Colorado—25 pCi /liter; 


Oregon—15 pCi /liter. 


¢ This entry gives the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


figure 2. The first column in table 2 under each 
of the reported radionuclides gives the monthly 
average for the station and the number of 
samples analyzed in that month in parentheses. 
When an individual sampling result is equal to 
or below the practical reporting level for the 
radionuclide, a value of zero is used for averag- 
ing. Monthly averages are calculated using the 
above convention. Averages which are equal to 
or less than the practical reporting levels reflect 
the presence of radioactivity in some of the 
individual samples greater than the practical 
reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 


July 1974 


for the station as calculated from the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appro- 
priate criterion for the case where the FRC 
radiation protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for February 1974 
and the 12-month period, March 1973 to Febru- 
ary 1974. Except where noted, the monthly 
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Figure 2. State and PMN milk sampling stations in the United 


average represents a single sample for the 
sampling station. Strontium-89, iodine-131, and 
barium-140 data have been omitted from table 
2 since levels at all of the stations for February 
1974 were below the respective practical report- 
ing levels. 

Strontium-90 monthly averages ranged from 
0 to 22 pCi/liter in the United States for 
February 1974 and the highest 12-month aver- 
age was 16 pCi/liter (Duluth and Little Falls, 
Minn.) representing 8.0 percent of the Federal 
Radiation Council radiation protection guide. 
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Cesium-137 monthly averages ranged from 0 to 
68 pCi/liter in the United States for February 
1974, and the highest 12-month average was 48 
pCi/liter (Southeast Florida) representing 1.3 
percent of the value derived from the recom- 
mendations given in the Federal Radiation 
Council report. 

The Office of Radiation Programs is in the 
process of modifying the milk program to make 
it more responsive to potential sources of en- 
vironmental radioactivity. These changes will 
be reflected in future articles. 
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Food and Diet Surveillance 


Efforts are being made by various Federal Networks presently in operation and reported 
and State agencies to estimate the dietary in- routinely include those listed below. These net- 
take of selected radionuclides on a continuing works provide data useful for developing esti- 
basis. These estimates, along with the guidance mates of nationwide dietary intakes of radio- 
developed by the Federal Radiation Council, nuclides. Programs reported in Radiation Data 
provide a basis for evaluating the significance and Reports are as follows: 
of radioactivity in foods and diet. 


Program Period reported Issue 
California Diet — July 1971—December 1972 February 1974 
Carbon-14 in Total Diet and Milk 1972-1973 November 1973 
Strontium-90 in Tri-City Diets 1972 December 1973 
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SECTION Il. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public health 
importance of radioactivity levels in water can 
be obtained by comparison of the observed 
values with the Public Health Service Drinking 
Water Standards (1). These standards, based 
on consideration of Federal Radiation Council 
(FRC) recommendations (2-4) set the limits 
for approval of a drinking water supply con- 
taining radium-226 and strontium-90 at 3 pCi/ 
liter and 10 pCi/liter, respectively. Higher con- 


centrations may be acceptable if the total intake 
of radioactivity from all sources remains with- 
in the guides recommended by FRC for control 
action. In the known absence’ of strontium-90 
and alpha-particle emitters, the limit is 1000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that the concen- 
trations of radionuclides present are not likely 
to cause exposures greater than the limits 
indicated by the Radiation Protection Guides. 
Surveillance data from a number of Federal 
and State programs are published periodically 
to show current and long-range trends. Water 
sampling activities reported in Radiation Data 
and Reports are listed below. 


* Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Water sampling program 

California 
Colorado River Basin 
Community Water Supply Study 
ERAMS Surface Water and Drinking 

Water Components 
Florida 
Interstate Carrier Drinking Water 
Kansas 
Minnesota 
New York 
Radiostrontium in Tap Water, HASL 
Washington 





Period reported 
1971 and 1972 
1968 
1969 





October—December 1973 
1970 

1971 

1971 

July 1971—June 1972 
January—December 1972 
January—December 1972 
July 1970—June 1971 


Issue 
November 1973 
March 1972 
September 1972 


June 1974 
April 1974 
May 1972 
February 1973 
March 1974 
June 1974 
December 1973 
August 1973 
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Radioactivity in North Carolina Surface, Cistern, and Saline Waters, 1971° 


Sanitary Engineering Division 
Radiological Health Section 
North Carolina State Board of Health* 


The North Carolina State Board of Health 
maintains an Environmental Radiation Surveil- 
lance Network to monitor radioactivity in 
selected media throughout the State. The Pro- 
gram is administered by the Radiological 
Health Section of the Sanitary Engineering 
Division.? Sample analysis is provided by the 
Environmental Sciences Section of the Labora- 
tory Division. The Public Health Statistics Sec- 
tion of the Epidemiology Division provides 
assistance in certain data processing activity, 
while computer services are obtained through 
the Systems Management Division of the 
Department of Administration. Environmental 
sample collection is performed primarily by the 
staffs of municipalities and local health depart- 
ments. 

The program started with the surveillance of 
147 sources of untreated surface waters. These 
supplies were selected as being representative 
of water quality in the many river basins of the 
State. Sample collection was achieved through 
close cooperation with municipalities and local 
health departments. 


The program has changed through the years 
as technological advances in instrumentation 
made it possible to monitor more facets of the 
environment. In July 1962, cistern water sam- 
ples from Ocrocoke Island were added to the 
surveillance program. In January 1963, air- 
borne particulates, rainfall, and dustfall sam- 
ples were collected on a routine sampling 
schedule over the State. The surface water pro- 
gram was modified to include treated water 
assays. Public ground water supplies also were 
added to the sampling program during this 
period. 


Surface water 


Grab samples of both treated and untreated 
surface water are taken on a monthly basis at 
nine water treatment plants. These stations 


*Summarized from “Environmental Radiation Sur- 
veillance in North Carolina, 1971.” 

* As of April 1974, Radiation Protection Branch, Divi- 
sion of Facility Services, North Carolina Department of 
Human Resources. 
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Figure 1. North Carolina water sampling stations, 1971 
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were selected to obtain samples from the State’s 
major drainage districts with the French- 
Broad, Catawba, Yadkin, Cape Fear, Neuse, 
and Tar-Pamlico river basins being represented. 

The samples routinely are collected in 1-gallon 
(polyethylene) containers by the water plant 
operator or chemist and mailed to the State 
laboratory for analysis. Additional samples can 
be collected as needed. These stations are shown 
in figure 1. 

Untreated water samples are acidified with 
hydrochloric acid to prevent loss of activity 
through precipitation and/or adhesion. The 
samples then are transferred to 314-liter poly- 
ethylene Marinelli beakers for gamma scans. 

After scanning, 1 liter is filtered through 
Whatman No. 12 folded filter paper. The filter 
paper, containing the suspended solids, is ashed 
in a muffled furnace at 600 degrees Celsius. 
The residue then is transferred to a tared 





Month 





(1971) 


January - 
February - 
March - - 
April_-__- 
May-_-- 
June 

July - - -- 
August 
September 
October. . -_ - - 
November 
December 





planchet, dried, weighed, and submitted for 
gross alpha and beta counting (1). 

The filtrate is separated by precipitation into 
dissolved sulfates and dissolved carbonates, 
plancheted, and submitted for gross beta count- 
ing (1). 

If the total gross beta is greater than 5 pCi/ 
liter, a strontium-89 and strontium-90 deter- 
mination is performed (1). 

As with the untreated surface water, treated 
water samples are acidified with 2 milliliters of 
hydrochloric acid to prevent loss of activity 
through precipitation and adhesion. These sam- 
ples are transferred to 314-liter polyethylene 
Marinelli beakers for gamma scans. The sus- 
pended material is prepared for gross alpha and 
beta counting in the same manner as untreated 
water samples. The filtrate carefully is evapor- 
ated to determine the gross alpha and beta 
activity of the dissolved solids. As before, if 


Table 1. Gross beta radioactivity in North Carolina raw surface water, January-December 1971 


Raw water 
(pCi/liter) 
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ND, Nondetectable. 


Table 2. 


Gross beta radioactivity in North Carolina treated surface water, 


January-December 1971 





Month 


Treated water 
(pCi/liter) 





(1971) 
Hickory 


Winston- 


Roanoke | Lilling- 


ton 





January 


<3.0 
February 


<3.0 
N 
<3.0 
3.50 
ND 
<3.0 
<3.0 
ND 
<3.0 
<3.0 
<3.0 


August 
| See ad 
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ND, nondetectable. 
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the total gross beta is greater than 5 pCi/liter, 
a strontium-89 and strontium-90 determination 
is performed. 

A summary of surface water data is provided 
in table 1 (raw) and table 2 (treated). 


Sewage treatment plant effluent water 


Samples are taken on a monthly basis at three 
sewage treatment plants. They routinely are 
collected by plant personnel in 1-gallon poly- 
ethylene containers and mailed to the State 
laboratory for analysis. Additional samples can 
be collected if needed. Samples are prepared in 
the same manner as untreated surface water. 

A summary of sewage treatment plant efflu- 
ent water data is provided in table 3. 


Saline water 


One gallon of saline water is collected and 
processed the same as the untreated surface 
samples. However, because of high solids con- 
tent, only 200 milliliters is filtered for alpha 
and beta measurement. The gross alpha and 
beta radioactivity in saline water for Morehead 
City for July was <1.0 and 269.0 pCi/liter 
respectively. 


Bottom silt 


Bottom sediment was collected in 1-liter sam- 
ples. The silt is transferred to a 1-liter poly- 
ethylene Marinelli beaker for gamma analysis 
after rocks and other unwanted materials are 


removed. The sample is then ashed at 560 de- 
grees centigrade for 36 hours, weighed, plan- 
cheted, and submitted for gross alpha and beta 
counting. 

The gross alpha and beta radioactivity in 
bottom silt (Morehead City) for July was <1.0 
and 5150 pCi/liter, respectively. 


Summary of results 


All environmental radioactivity concentra- 
tions during 1971 were well below the limits 
set for protection of the public’s health. There 
were no significant or unexpected differences 
between these results and the 1968-1970 results. 

Detectable quantities of fission products were 
observed in many samples during the reporting 
period. Increases in fission product inventories 
correlated well with reported nuclear detona- 
tions. 

The continued demonstration of the ability 
of the network to detect low levels of radio- 
activity ensures that higher levels which could 
affect public health will not go unnoticed. 
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Table 3. Gross alpha and beta radioactivity in sewage treatment effluent 
water, North Carolina, January-December 1971 





Concentration 
(pCi /liter) 
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ND, nondetectable. 


Radiation Data and Reports 





SECTION Ifl. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental fis- 
sion product radioactivity. To date, this surveil- 
lance has been confined chiefly to gross beta 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 


Network 
Fallout in the United States 


grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, and the Pan American 
Health Organization. 

In addition to those programs presented in 
this issue, the following programs were covered 
previously in Radiation Data and Reports. 


Period Issue 


and other areas, HASL 
Krypton-85 in air 
Mexican air monitoring 
Plutonium in airborne 
particulates 
Surface air sampling program, 
80th Meridian Network, HASL 


1971 
July 1970-1972 
July-December 1973 


August 1973 
March 1974 
May 1974 

April-June 1973 June 1974 


1971 September 1973 


July 1974 








1. Radiation Alert Network 
February 1974 


Eastern Environmental Radiation Facility 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN). Samples are collected 
at 68 locations throughout the country (figure 
1). Most of the stations are operated by State 
health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. The airborne 
particulate samples and precipitation samples 


are sent to the Eastern Environmental Radia- 
tion Facility for further analysis. All field esti- 
mate results are reported to appropriate En- 
vironmental Protection Agency officials by mail 
or telephone depending on levels found. A com- 
pilation of the daily measurements is available 
upon request from the Eastern Environmental 
Radiation Facility, Montgomery, Ala. 36109. 
A detailed description of the sampling and 
analytical procedures was presented in the 
March 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate and laboratory techniques 
during February 1974. 

The Office of Radiation Programs is in the 
process of modifying the air program to make 
it more responsive to potential sources of en- 
vironmental radioactivity. These changes will 
be reflected in future articles. 
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Table 1. 


Gross beta radioactivity in surface air and precipitation, February 1974 





Station location * 


Gross beta radioactivity 


(pCi 


/m*) 


Precipitation 





5-hour field estimate 


Laboratory measurement 


Labcratory estimate 


of deposition 








Minimum 


Depth 
(mm) 


Total 
deposition 
(nCi/m?*) 


Average > | Maximum | Minimum | Average » 
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Anchorage __ 


Idaho Falls 
Indianapolis 


Bismarck - - - 
Columbus- -_- 
Oklahoma Cit 
Portland 
Harrisburg 
Columbia 





ee 
OO ~200 m -~200 00 COO OOO DO ON-~) 





“KR ONOCNOFKO YNrFOF- 








Network summary 


tw 


| 135 


cooroooooo ooooo 


| 
| 
| 
| 


So 


0.26 
-05 


.05 
-12 


.07 


.02 
12 

















o coororooro orooo 








® The remaining stations are on standby status. 


b The monthly average is calculated by weighting the estimates of individual air samples with length of sampling period. 





2. Air Surveillance Network 
February 1974 


National Environmental Research Center— 
Las Vegas 
Environmental Protection Agency 


The Air Surveillance Network,’ operated by 
the National Environmental Research Center— 
Las Vegas (NERC-LV), consists of 49 active 
and 72 standby sampling stations located in 21 
western States (figures 2 and 3). The network 
is operated in support of nuclear testing spon- 
sored by the U.S. Atomic Energy Commission 
(AEC) at the Nevada Test Site (NTS), and 
at any other designated testing sites. 

The stations are operated by State health 
department personnel and by private individ- 


*This network is operated under a Memorandum of 
Understanding (No. AT (26-1)-539) with the Nevada 
Operations Office, U.S. Atomic Energy Commission. 
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uals on a contract basis. All active stations are 
operated continuously with filters being ex- 
changed after periods generally ranging from 
48 to 72 hours. All samples are mailed to the 
NERC-LV unless special retrieval is arranged 
at selected locations in response to known re- 
leases of radioactivity from the NTS. A com- 
plete description of sampling and analytical 
procedures was presented in the February 1972 
issue of Radiation Data and Reports. 

Table 2 presents the average gross beta con- 
centrations in air for each of the network sta- 
tions. The minimum reporting concentration 
for gross beta activity is 0.1 pCi/m*. For 
reporting purposes, concentrations less than 1.0 
pCi/m* are reported to 1 significant figure, and 
those equal to or greater than 1.0 pCi/m® are 
reported to 2 significant figures. For averaging 
purposes, individual concentration values less 
than the minimum detectable concentration 
(—0.03 pCi/m* for a 700 m* sample) are set 
equal to the minimum detectable concentration 
(MDC). Reporting and rounding-off conven- 
tions are as follows: 





Reported value of Reported value of 
Concentration concentration above MDC concentration below MDC 
(pCi/m‘) (pCi/m*) (pCi/m*) 
<0.05 <0.1 <0.1 
>0.05 <0.15 0.1 <0.1 
>0.15 As calculated and rounded <calculated MDC 
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Figure 3. NERC-LV Air Surveillance Network stations outside Nevada 
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As shown by table 2, the highest gross beta 
concentration within the network was 1.1 
pCi/m* at Geyser Ranch, Nev. 

From gamma spectrometry results, fission 
products in varying combinations of zirconium- 
95, ruthenium-103 and cerium-141 were identi- 
fied on filters collected in Nevada. The highest 
concentrations of these radionuclides, respec- 
tively, were 0.11 pCi/m* (Blue Jay), 0.051 
pCi/m* (Groom Lake), and 0.035 pCi/m* (Blue 


Jay). These radionuclides are attributed to an- 
nual worldwide fallout. No radionuclides were 
identified by gamma spectrometry on any char- 
coal cartridges during February. 

Complete copies of this summary and listings 
of the daily gross beta and gamma spectrometry 
results are distributed to EPA Regional Offices 
and appropriate State agencies. Additional 
copies of the daily results may be obtained from 
the NERC/LV upon written request. 


Table 2. Summary of gross beta radioactivity concentrations in air, February 1974 





Number 


samples 


Concentration 
(pCi /m4) 





Minimum Average * 





ishop 
Death Valley Junction 
Furnace Creek 


Caliente 
Currant Ranch 


Fallini’s Twin Spr > 
Geyser Ranch (Pioche 
Goldfield 

Groom Lake 


) 


Scotty’s Junction 
Stone Cabin Ranch 


Tonopah 
Tonopah Test Range 
Warm Springs 





0 


AAAAAAS 


Go bo Go bo bo Go Co BO BO BO BD So BON Eo BO Eo Co 60 Co Co me Co CO BD me G0 Co BOD Go Co BO COND CO GO COTO COND CO ENDO Com 
AAAAAAAAAA AAA AAAA AAAAAA A 

‘at put put pu pb hp rc ph ap fh pf pf fap Pa ph hp pap pa hf pa ph pd Ph a pa pa Pn 

parererarareverarar cy cfater cTereraterer ciate ret cy leretet fetet foretell). tl tot 
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* Individual values less than the minimum detectable concentration (MDC) are set equal to the MDC for avere 
aging. A monthly average less than the minimum reportable value of 0.1 pCi/m* is reported a <0,1 
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3. Canadian Air and Precipitation Monitoring 
Program,’ February 1974 


Radiation Protection Bureau 
Department of National Health and Welfare 


The Radiation Protection Bureau of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 4), where the sam- 
pling equipment is operated by personnel from 
the Atmospheric Environment Service of the 
Department of the Environment. Detailed dis- 
cussions of the sampling procedures, methods 
of analysis, and interpretation of results of the 
radioactive fallout program are contained in 
reports of the Department of National Health 
and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 


* Prepared from information and data obtained from 
the Canadian Department of National Health and Wel- 
fare, Ottawa, Canada. 


Surface air and precipitation data for Febru- 
ary 1974 are presented in table 3. 


Table 3. Canadian gross beta radioactivity in surface air 
and precipitation, February 1974 





Air surveillance 
gross beta 
radioactivity 
(pCi/m*) 


Precipitation 





Location 
Average 





Calgary 
Coral Harbour 
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Figure 4. Canadian air and precipitation sampling stations 
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4. Pan American Air Sampling Program 
February 1974 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
Health Data and Reports. The February 1974 
air monitoring results from the participating 
countries are given in table 4. 
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Figure 5. Pan American Air Sampling Program stations 


Table 4. Summary of gross beta radioactivity in Pan 


American surface air, February 1974 





Gross beta radioactivity 
(pCi/m') 
Station location 








Argentina: Buenos Aires 
Bolivia: La Paz 
Chile: Santiago 
Colombia: Bogota 
Ecuador: 


Guyana: 

Jamaica: Kingston 

Peru: Lima 

Trinidad and Tobago: 
Port of Spain 

Venezuela: Caracas ¥ .00 

















0.07 0.00 0.02 








*® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m® are re- 
ported and used in averaging as 9.00 pCi/m?* 





5. California Air Sampling Program 
February 1974 


Radiologic Health Section 
California Department of Health 


The Radiologic Health Section of the Cali- 
fornia Department of Health with the assist- 
ance of several cooperating agencies and orga- 
nizations operates a surveillance system for 
determining radioactivity in airborne particu- 
lates. The air sampling locations are shown in 
figure 6. 


One of the objectives of the program is to 
evaluate the possibility that fixed effluent 
sources contribute to particulate activity in the 
air. Consequently, data from continuous air 
samplers placed in proximity to nuclear facili- 
ties are compared with those from similar 
equipment in nearby communities and at sev- 
eral “background” stations.’ 

Airborne particles are collected by a con- 
tinuous sampling of air filtered through a 47 


‘ Air samples near nuclear power reactors were ob- 
tained under contract number AT(49-1)-3549 between 
the U.S. Atomic Energy Commission and the California 
Department of Health. 
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Figure 6. California air sampling program stations 
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millimeter membrane filter, 0.8 micron pore 
size, using a Gast air pump of about 2 cubic 
feet per minute capacity, or 81.5 cubic meters 
per day. Air volumes are measured with a 
direct reading gas meter. Filters are replaced 
every 24 hours except on holidays and weekends. 


All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Health. The filters are analyzed for gross 
alpha and beta radioactivity, 72 hours after the 
end of the collection period. The daily samples 
then are composited into a monthly sample for 
gamma spectroscopy and an analysis for stron- 
tium-89 and strontium-90. The monthly sample 
results are presented quarterly. Table 5 pre- 
sents the gross beta radioactivity in air for 
February 1974. 
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Table 5. 





Station location 


Bakersfield 

Barstow 

Berkeley oil 

Diablo Canyon Nuclear Power 
Plant 

El Centro- 

Eureka 

Fresno . 

Humboldt Bay Power Plant: Unit 3 

Los Angeles 

Rancho Seco Nuclear Generating 
Station 

Redding 

Sacramento 

Salinas 

San Bernardino - 

San Diego ‘ é 

San Luis Obispo 





San Onofro Nuclear Generating 


Santa Rosa 


Gross beta radioactivity in California air 
February 1974 


Gross beta radioactivity 
(pCi/m*) 


| 





Summary 


























SECTION IV. 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 
here are such data as those obtained from 


OTHER DATA 


human bone sampling, Alaskan surveillance, 
and environmental monitoring around nuclear 
facilities. 





Environmental Levels of Radioactivity at Atomic Energy Commission 


Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors annual reports 
on the environmental levels of radioactivity 
in the vicinity of major Commission installa- 
tions. The reports include data from routine 
monitoring programs where operations are of 
such a nature that plant environmental surveys 
are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” ' 

A summary of the environmental radio- 
activity data follow for Brookhaven National 
Laboratory and Oak Ridge Area. 


Title 10, Code to Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Brookhaven National Laboratory’ 
January—December 1971 


Associated Universities, Inc. 
Upton, N.Y. 


Brookhaven National Laboratory is a scien- 
tific research center situated in Suffolk County 
on Long Island, about 70 miles east of New 
York City. Its location with regard to surround- 
ing communities is shown in figure 1. Except 
for shoreline communities, muck vf the land 
area within 10 miles is currently either forested 
or under cultivation. 

The laboratory site with its principal effluent- 
producing facilities is shown in figure 2. It 
consists of some 4500 acres, most of which is 
wooded, except for a central area of less than 
1000 acres. The site terrain is gently rolling, 
with elevations varying 40 and 120 feet above 


*Summarized from “Brookhaven National Labora- 
tory, 1971 Environmental Monitoring Report, 1971,” 
Associated Universities Inc., Upton, N.Y. 11973. 
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Figure 1. Central area of Suffolk County around 
Brookhaven National Laboratory 
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Figure 2. Effluent producing facilities, Brookhaven 
National Laboratory 


sea level. The land lies on the west rim of the 
shallow Peconic River watershed, with the 
river itself rising in marshy areas in the north 
and east sections of the site. 

A.wide variety of scientific programs are 
conducted at Brookhaven, including research or 
development in the following areas: 

1) structure and properties of matter; 

2) physical, chemical and biological effects 
of radiation; 

3) radioisotopes and other nuclear tools, and; 

4) nuclear technology. 

Among the major scientific facilities operated 
at Brookhaven to carry out the above programs 
are: the High Flux Beam Reactor (HFBR) is 
enriched uranium fueled, heavy water moder- 
ated and cooled, and has a routine power level 
of 40 MW; the Medical Research Reactor 
(MRR) is an integral part of the Medical Re- 
search Center, is enriched uranium fueled, nat- 
ural water moderated and cooled, and is oper- 
ated intermittently at power levels up to 3 MW; 
the Alternating Gradient Synchrotron (AGS) 
operates at energies up to 33 BeV; the 200 MeV 
Proton Linac serves as an injector for the AGS, 
but will also supply continuous currents of 
protons for isotope production by spallation 
reactions; the Tandem Van de Graaff, 60-inch 
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Cyclotron, Research Van de Graaff, Vertical 
Accelerator and Chemistry Van de Graaff are 
used in medium energy investigation, as well 
as for special isotope production, and; the High 
Intensity Radiation Development Laboratory 
(HIRDL) contains million-curie range cobalt- 
60 and cesium-137 sources. 

Additional programs involving irradiations 
and/or the use of radionuclides for scientific 
investigations are carried on at other labora- 
tory facilities, including the Medical Research 
Center, the Biology Department (including two 
multicurie field irradiation sources), the Chem- 
istry Department, and the Department of 
Applied Science. The latter includes the Hot 
Laboratory, where special purpose radioisotopes 
are developed and processed for on and offsite 
use. 

Most of the airborne radioactive effluents at 
Brookhaven originate from the HFBR, the 
MRR, and the Research Van de Graaff. The 
first two also produce significant fractions of 
the laboratory’s liquid radioactive effluents, but 
additional significant contributions originate 
from the Medical Research Center, the Hot 
Laboratory complex, as well as from decon- 
tamination and hot laundry operations. 


External exposure monitoring 


External radiation levels, including natural 
background (as influenced by fallout) and in- 
crements attributable to BNL activities were 
measured continuously at the four perimeter 
stations shown on figure 2. Included in each 
station’s equipment was an ion chamber and 
dynamic condensor electrometer. Those units 
are capable of accurately measuring 10 »R/h 
and of detecting changes of the order of 1 »R/h. 

The observed monthly average radiation 
levels are set forth in table 1. There was no 
increment to the natural background attributa- 
ble to BNL activities, except at the northeast 
perimeter station. At this location, the Ecology 
Forest irradiation source, which contained 
about 7000 curies of cesium-137, produced a 
measurable radiation level. Since the station 
was located about 250 feet south of the present 
BNL north boundary, the observed readings 
have been adjusted on the basis of spot com- 
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Table 1. 


External radioactivity at BNL site perimeter including natural background 


January-December 1971 





Average exposure rates 
(mR /week) * 





Northwest 
perimeter 
(back- 
ground) 


Southwest 
perimeter 
(back- 
ground) 


Southeast 
perimeter 
(back- 
ground) 


Northeast perimeter All 
stations 
(back- 
ground) 





(back- 


(source) 
ground) 





ererer tt tt 
wre ret tt ts) 


BND et tt et et et et 
Ll etl ell ellen 
ee ser ee 





Average 


~ 
I 
~ 





| 
| 


~ 
3 | 
n 





Yearly total 





Ko 
tS 





Radiation protection 
standards (1) 























* Estimated error + 0.10 mR /wk. 


> Measured 250 feet from north perimeter and adjusted on the basis of spot comparisons between levels at this 


location and the perimeter, 


parisons, which indicate an average ratio of 0.2 
between the station and the actual north perim- 


eter radiation levels. 


Ground-level air particulate, tritium, and 
radioiodine 


During 1971, “high volume” (20 cubic feet 
per minute) positive displacement air pumps 
(Gast 3040) were operated at a monitoring 
station immediately east of the solid waste dis- 
posal area, and at the southeast and southwest 
perimeter monitoring stations (figure 2). The 
air sampling media consisted of a 3-inch diam- 
eter air particulate filter (Gelman Type G) 
followed by a 3 inch x 1 inch bed of petroleum- 
based charcoal (Columbia Grade LC 12/28 ~« 
mesh) for sampling of radiohalogens. The solid 
waste disposal area air particulate filter was 
changed and counted on a daily (5 times per 
week) basis. The remaining samples were 
changed and counted on a 2-week basis through 
September, and weekly thereafter. 

After allowing several days for the decay of 
short-lived natural radioactivity, gross alpha 
counts of the 1-day air particulate samples 
(from the solid waste disposal area stations) 
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were made using a 5-inch diameter ZnS coated 
photomultiplier. After a similar delay, gross 
beta counts were made of all air particulate 
samples, using a 5-inch beta scintillator. These 
data are shown in table 2. No consistent dif- 
ferences between sampling locations were 
apparent and there was no indication of BNL 
effluent radionuclides in air particulate samples 
at any location. 

Continuous tritium vapor collections, using 
thermoelectric coolers, were made at the south- 
east and northeast perimeter stations which are 
most frequently downwind from the high flux 
beam reactor stack. These collections were com- 
posited on a monthly basis, and after enrich- 
ment by electrolysis, were assayed for tritium. 
Net concentrations of tritium vapor in air at the 
BNL perimeter, which are assumed to be prin- 
cipally attributable to HFBR stack effluent tri- 
tium vapor, were arrived at by subtracting the 
tritium concentrations in an offsite precipita- 
tion collection from the concentration found in 
the perimeter sample. The result was converted 
to an air concentration by assuming that 1 
pCi/ml in vapor corresponds on the average to 
10 pCi/cm' in air. This is only strictly so at 
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Table 2. Gross alpha and beta radioactivity in air particulate filters, BNL, January-December 1971 





Concentration 
(f{Ci/m!) 





Location 


Number 
of 


Gross alpha Gross beta 











January Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
Oe _......| Waste disposal 
SW perimeter 
SE perimeter 
May. ; “ _.| Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
July m - cise Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 
Waste disposal 
SW perimeter 
SE perimeter 


February 


March 


June__-_- 


en | 
oo | 


August 


September 


October 


December 


IIBIISllallstl 





| Waste disposal 
SW perimeter 
SE perimeter 


1971 summary 





t 
1; oOo] 
LT 


Estimated error (at 95 percent confidence level) - 





Radiation protection standard (1) 


* For unidentified alpha emitters. 
> For unidentified beta emitters. 


59°F and 50 percent relative humidity. These 
air concentration data are shown in table 3. 

In addition to the gross beta counts indicated 
above, analyses for gamma-emitting nuclides 
were performed on a consolidated monthly com- 
posite of all individual air particulate samples 
shortly after the end of each month. Additional 
air particulate analyses were also scheduled at 
6-month and 1-year postcollection to facilitate 
the resolution of short- and long-lived nuclides 
with photopeaks too close to be resolved by the 
Nal detection system employed. The charcoal 
samples were reanalyzed at 1-month postcol- 
lection to determine iodine-131 by decay in its 
photopeak region during this time. Available 
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Maximum | Minimum 


samples 


Average Maximum | Minimum | Average 





0.5 0.7 


<1 1.2 




















+10 percent 


» 10 000 


data are reported in table 4. In the absence of 
any recent fission products during most of the 
year, all transactions in the energy region of 
iodine-131 have been attributed to 285-day 
cerium-144. These data do not disclose any 
indication of BNL effluents. 


Precipitation 


Two pot-type rain collectors, each with a sur- 
face area of 0.33 m*, were situated adjacent to 
the BNL filter beds. Two routine collections 
were made from these, one whenever precipi- 
tation was observed during a previous 24-hour 
(or weekend) period, and the other, once a 
week whether or not precipitation had occurred. 
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Table 3. Tritium concentrations in air, BNL 
January-December 1971 





Southwest 
perimeter 


Northeast 
perimeter 


Concen- 
tration 
(pCi/m*) 


Concen- 
tration 
(pCi/m?) 


January 
February - - 
March 
April 

May 

June 

July 
August 
September - 
October _ _ - 
November - 
December 


erereerrrrere 
ere tet 
j 
| eserereere 
COMM et tm mOoOoO 


Average _ - 


Radiation protection 


standard (1) 200 000 

















* Tritium analysis made of monthly composite samples of water vapor. 
The net tritium concentration in this, arrived at by subtracting that in 
an offsite precipitation sample, is converted to air concentration on the 
assumption that on the average 1 pCi/m in vapor corresponds to 10 pCi/m! 
in air which is strictly so at 59°F. and 50 percent relative humidity. 

Estimated error (at 95-percent confidence limits): +1 pCi/m!', or +50 
percent. 


Part of each collection was evaporated for 
gross beta counting, a small fraction compos- 
ited for monthly tritium analysis, and the bal- 
ance put through ion exchange columns for 
subsequent monthly strontium-89, strontium-90 
and gamma analyses. The data are reported in 
table 5. 


Table 4. 


With the exception of tritium, there is no 
indication in the onsite precipitation collection 
of the washout of BNL released airborne radio- 
activity. As indicated in table 6, the tritium 
concentration in the collector located at the 
filter beds (which are in a predominant down- 
wind direction) appears to have been about 
twice that of the offsite collection. The total 
deposition of tritium on the BNL site (about 
4000 acres) during 1971 was between 5-10 
curies. The lower estimate is based on the con- 
centration in the offsite collection, and the up- 
per on that in the onsite downwind sample. 


Liquid effluent monitoring 


Within established administrative limits, 
microcurie amounts of low-level radioactive 
liquid effluents are routinely disposed of by 
release into the laboratory’s sanitary waste sys- 
tem. This affords considerable dilution by a 
large volume (~10* gal/day) of uncontami- 
nated water. Primary treatment to remove sus- 
pended solids from the liquid effluents dis- 
charged to this system is provided by a 250 000 
gallon clarifier. The liquid effluent then flows 
onto sand filter beds, from which most of it is 
recovered by an underlying tile field. It is then 


Gamma-emitting radionuclides in monthly air composites, BNL, January-December 1971 





Radionuclide concentration 
(fCi/m!) 





Month 
Zine-65 





January 
February 











mm | im NMOIDWO~70 WH 


Average_ 


Estimated percent error of individual sample 5 ; +50 


Radiation protection standard 


2X10* 


i 





* Charcoal filter collection; all other nuclides collected on air particulate filter. 


> Pending. 
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Table 5. Gross beta and radionuclide activity in precipitation, BNL 
January-December 1971 





Gross 
~ beta 
Amount | concen- 


(inches) 


Radionuclide deposition 
(nCi/m?) 
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(pCi/ 
liter) 
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Radiation protection 
standard (1)* 





* For release to uncontrolled areas of mixture of radionuclides containing <10 percent strontium-90, iodine 125-138, and long-lived natural alpha-emitting 


nuclides. 


Table 6. Average tritium concentration in precipitation 
BNL, January-December 1971 





Onsite Offsite 





Concentration 


Concentration 
(pCi /liter) 


(pCi/liter) 


Deposition 
(nCi/m?) 





661 
300 
1 570 
1 470 
972 
1 186 











Radiation 
stan 


rotection 
3 x10 














* Weighted average. 
> For tritium in water released to the offsite environment. 


chlorinated and released into a small stream 
that forms one of the headwaters of the Peconic 
River. 

A schematic illustration of the sewage treat- 
ment plant, including the related monitoring 
arrangements, are shown in figure 3. In addi- 
tion to the inplant flow measurement and sam- 
pling instrumentation, totalizing flowmeters 
(Leopold and Stevens, TF 61-2), which in- 
clude provision for actuating a sampler with 
each 2000 gallons of flow in combination with 
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Figure 3. Sewage treatment plant, including related 
monitoring arrangements, Brookhaven 
National Laboratory 


a positive-action, battery-operated sampler 
(Brailsford DU-1), are installed at the Chlorine 
House, at the former site boundary, 0.5 miles 
downstream on the Peconic and at the site 
boundary (1.6 miles downstream). 

The monthly average flow and the monthly 
totals of gross beta and principal nuclide activi- 
ties at the clarifier (input to the filter beds) 
and at the Chlorine House (output from the 
beds) are shown in table 7. Yearly totals and 
average concentrations are also indicated. It is 
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Table 7. Environmental monitoring liquid effluent flow, total activity and concentration of principal beta and gamma 
emitters at Clarifier and Chlorine House, BNL, January-December 1971 
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Chlorine House 
(mCi) 
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7.36 | 2730 
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Radiation protection ‘standard a | 
(pCi/liter) ‘ ---|- sastenere 


3 X10° 2xX10° 


| 600 
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+10 | +25 


5 X10 








* Includes only gamma emitters; does not include tritium. 


apparent that not all of the liquid effluent flow 
into the sand filter beds appears in the output 
from them. The balance presumably mixes with 
the ground water flow under the beds. Esti- 
mates of the amounts of radioactivity released 
to the ground water in this fashion during 1971 
are also shown in table 7. These were calculated 
on the assumption that the average concentra- 
tions of the contained nuclides corresponded to 
those in the observed output from the beds. 
Flow, activity, and concentration informa- 
tion at the former site boundary and at the 
present site boundary are shown in table 8. 
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Upper limit estimates of the total activity 
so released to ground water, based on the con- 
centrations observed at the boundary, are also 
shown in table 8. 

Monthly “grab” water samples were obtained 
at, on and offsite locations along the upper trib- 
utary of the Peconic River, into which the 
laboratory routinely discharges low-level radio- 
active wastes. Reference “grab” samples were 
also obtained from other nearby streams and 
bodies of water outside the laboratory’s drain- 
age area. The sampling locations as shown in 
figure 3 were as follows: 
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Table 8. Liquid effluent flow, total activity and concentration of principal beta and gamma emitters at site boundary 
BNL (1.6 miles downstream), 1971 





Concentration 
(mCi) 
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Average concentration (pCi/liter) 





Percent of total 
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Estimated error (percent) - 


6 075 
+10 


3.15 


+25 


Radiation protection standard (1 | 


~~ ta manera Patice |-----=--- | 1000 | 3x10¢ | 2x10" 


0.16 
+50 


| 5X10 





* Includes only gamma emitters; does not include tritium. 


Offsite (Peconic River, downstream) 


A—Peconic River at Schultz Road, 15 900 
feet 


B—Peconic River at Wading River-Manor- 
ville Road, 23 100 feet 


C—Peconic River at Manorville, 35 000 feet 
D—Peconic River at Calverton, 46 700 feet 
R—Peconic River at Riverhead, 63 500 feet 


Controls (not in BNL drainage) 


E—Peconic River, upstream from BNL efflu- 
ent outfall 


F—Peconic River, north tributary (indepen- 
dent of BNL drainage) 


H—Carman’s River—outfall of Yaphank 
Lake 


I—Artist Lake (maintained by water table, 
no surface outfall) 


J—Lake Panamoka (maintained by water 
table, no surface outfall) 
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The individual monthly and yearly average 
gross beta and tritium concentrations at the 
downstream and control locations are shown in 
table 9. A comparison suggests that the BNL 
effluents have little effect on the prevailing 
concentrations in the Peconic. 

During the summer of 1971, additional sam- 
pling of the stream bottom sediment, of im- 
mersed and emergent vegetation, and of small 
stream fauna was conducted along the length 
of the Peconic. Control samples were obtained 
from the Carman’s River. Sampling locations 
correspond to those used for monthly water 
samples. In addition, samples were obtained on- 
site at the following locations: 


Onsite (downstream) 


K—Peconic River at effluent outfall 

L—Peconic River, 1300 feet below effluent 
outfall 

L’—Peconic River, 2000 feet below effluent 
outfall 





Table 9. Gross beta (and tritium) in downstream and control water samples, January-December 1971 
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* Radiation protection standard (1) for gross beta, 1000 pCi/liter. 
> Radiation protection standard for tritium, 3 000 nCi/liter. 


© Partial year. 


Table 10. Gamma emitting radionuclides in Peconic River and Carman’s 
River sediment, BNL, January-December 1971 





Peconic River 


Concentration 
(pCi /kg) 





station 


Zine-65 


Thorium 


Uranium 





Reference (Carman’s 
River): 


Average (2 samples) -_- 




















NONNKCOWOrNWwWh- cw 





*® Determined from potassium-40. 


> Sewage outlet. 
NA, no analysis. 
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M—Peconic River, 2600 feet below effluent 
outfall (at former BNL boundary) 

Q—Peconic River, 6900 feet downstream (at 
BNL boundary). 


Offsite 


V—Peconic River (54 000 feet downstream) 
W—Peconic River (59 600 feet downstream) 


The sediment data are shown in table 10. 
Small concentrations of cobalt-60 and zinc-65 
as well as small increments in the cesium-137, 
uranium, and thorium backgrounds are ap- 
parent in most samples obtained onsite and in 
the upper reaches of the Peconic. The corre- 
sponding vegetation data are shown in table 11. 
These show considerable scatter. Small con- 
centrations of cobalt-60 and a slight excess of 
cesium-137 over prevailing backgrounds may 
have been present in vegetation in the upper 
reaches of the Peconic, at the BNL boundary 
and immediately downstream. A few samples 
of fish, turtles, and one of the clams were also 


Table 11. 


obtained along the upper reaches of the Pe- 
conic. These data, which are shown in table 12, 
appear compatible to those found in vegetation. 
When the concentrations found in these sam- 
ples are compared with radiation concentration 
guides, calculated on the basis of an assumed 
intake of 50 grams/day, the potential exposures 
from aquatic animals obtained from the upper 
reaches of the Peconic appear to be quite in- 
significant. 


Potable water supply wells 


The laboratory’s potable water supply wells 
and cooling water supply wells are about 100 
feet deep, or about 50 feet below the water 
table in the Long Island surface layer of glacial 
outwash, sand and gravel. As apparent from 
figure 4, most of these wells are located gener- 
ally west to northwest, and therefore upstream 
in the local ground water flow pattern (2) of 
the laboratory’s principal facilities. The excep- 
tions are main well numbers 1 and 3, and the 


Concentrations of gamma-emitting nuclides in Peconic River and Carman’s River vegetation, BNL 


January-December 1971 





Station and type of sample 


Concentration 
(pCi/kg) 





Beryllium-7 


Cobalt-60 


Zirconium- | Cesium-137 Thorium Uranium 


niobium-95 





Reference vegetation: (Carman’s River) 


Carex 
Miscellaneous 


























® Potassium determined from potassium-40. 
NA, no analysis. 
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Table 12. Environmental monitoring, concentrations of gamma-emitting nuclides in animals obtained from the 
Peconic River, BNL, 1971 





Number 
Station and type of sample of 


Concentration 
(pCi/kg) Potassium * 





samples 





Beryllium-7 | 


(g/kg) 


Cobalt-60 | Cesium-137 Thorium Uranium 





2 


See 
M . 
Cc 


Oe sas a Ss He cele Walenta pea po cad atett “8 
Catfish: 
Q 





Q 
Clams: (several counted together) 





Radiation Protection Standard > 


* Determined from potassium-40. 
> Assumed intake of 50 g/day. 
NA, no analysis. 
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Figure 4. Brookhaven National Laboratory, potable and 


cooling water supply wells 


small well number 5 adjacent to the sand filter 
beds. A total of about 5 « 10° gal/day is ob- 
tained from these wells. 
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Monthly grab samples were scheduled for 
these wells. These were analyzed for gross 
alpha, gross beta, and tritium. All gross alpha 
concentrations were less than 1 pCi/liter, and 
all tritium concentrations were less than 1 
nCi/liter. The gross beta results are set forth 
in table 13. There are no differences in the gross 
beta concentrations in these wells which might 
be attributed to BNL effluents. 


Recharge basins 


About 4 x 10° gal/day of the total water 
pumped from the ground water supply under 
the BNL site is returned to this supply in 
three large open recharge sumps located about 
1 km north of the Liquid Waste Evaporatory 
Facility, about 1 km east of the HFBR, and 
about 1 km south of the MRR. These are moni- 
tored by routine monthly grab sampling. Their 
average gross beta and tritium concentrations 
were only very slightly in excess of those in the 
BNL supply wells. 
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Table 13. Gross beta and tritium * concentrations in potable water supply wells, BNL, January-December 1971 





Concentration 
(pCi /liter) 
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Radiation protection standard (1): 100 pCi/liter (for unidentified nuciides, in the absence of radium-226 or radium-228). 
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* All tritium concentrations <1.0 nCi/liter. 
NS, no sample. 
NA, no ysis. 


Ground water surveillance 


Several areas from which there is a potential 
for the migration of radioactivity downward 
from the surface into the saturated zone of 
ground water, have been identified. Ground 
water sampling was routinely conducted in 
shallow wells located adjacent to and down- 





stream from these areas. These areas include 
the sand filter beds and downstream along the 
Peconic River, the solid waste disposal area, 
the former open-pit dump and the sanitary 
landfill which replaced it in 1967, and the de- 
contamination facility sump. Their locations 
and those of the related ground water surveil- 
lance wells are shown in figure 5. 
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Figure 5. Ground water surveillance wells 
Brookhaven National Laboratory 
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Table 14. Radioactivity in sand filter beds and Peconic River area ground water surveillance wells 
BNL, January-December 1971 
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* If iodine-129, radium-226 and radium-220 not present. 
> If iodine, 125,-133, strontium-90, and alpha-emitters not present. 
NS, no sample. 


Table 15. 


1971 environmental monitoring, solid waste disposal area, landfill and dump area, and 650 sump, gross alpha 
gross beta, tritium, strontium-90 and cesium-137 concentrations, BNL 
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* If iodine-129, radium-226, and radium-220 not present. 
> If iodine-125,-133, strontium-90, and alpha-emitters not present. 
NS, no sample. 
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For convenience in assessing the data, the 
wells have been divided into several groups. 
Yearly average gross alpha, gross beta, and 
tritium concentrations of the wells generally in 
the proximity of the sand filter beds and down- 
stream on the Peconic River are summarized in 
table 14. At least one sample from most of these 
locations was also analyzed for strontium-90 
and cesium-137 (by gamma analysis) during 
the year. Corresponding information for the 
wells generally in the proximity or downstream 
of the solid waste disposal area, the landfill and 
dump zones, and of the decontamination facility 
sump (about 1 km east of the HFBR) is sum- 
marized in table 15. 

From these data, it appears that the spread 
of contamination in the ground water, if any, 
is limited to within a few hundred feet of the 
identified foci and that this is limited to a small 
percentage of the applicable Radiation Protec- 
tion Standards. 


Milk sampling 


Monthly samples of milk were obtained from 
the two nearest dairy farms located 10 km 
south-southwest and 10 km south-southeast of 
Brookhaven. These samples were analyzed for 
gamma-emitters and then processed through an 
ion exchange column to improve the lower de- 
tection capability for iodine-131. The data are 
indicated in table 16. There is no significant 


Table 16. Radionuclide concentrations in 


difference between these and the average 1971 
concentrations reported (3) for milk samples 
in the northeast region of the United States by 
the Environmental Protection Agency. 


Grass and soil sampling 


Two sets of samples, one early in the grow- 
ing season and one toward its end, were col- 
lected adjacent to most of the BNL perimeter 
monitoring stations and from a number of off- 
site farms. A few onsite samples were also 
obtained. These were analyzed for gamma- 
emitting nuclides. Soil samples are primarily 
intended to reflect surface deposition and are 
therefore obtained to a depth of approximately 
2.5 cm (1 inch) in an open area or after re- 
moval of root material. The data for soil are 
shown in table 17 and those for grass in table 
18. Comparison of offsite downwind samples (6 
km northeast and 10 km southeast) with other 
samples discloses no consistent differences. 
Comparison of offsite samples with onsite sam- 
ples suggests the possible presence of a slight 
excess of cesium-137 in samples obtained at 
the northeast perimeter and adjacent to the 
solid waste disposal area. 


Summary 


Natural background and radiation levels in 
the vicinity of Brookhaven National Laboratory 


milk, Brookhaven National Laboratory 


January-December 1971 





‘Stron- | Iodine- | Cesium- 


1 137 
i (pCi / 
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Radiation rotection ra 
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Potas- 
sium > 
(g /liter) I i I i (g /liter) 


ht et tet pet et ptt pt et et 
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* Quarterly data of New York State Heaith Department 


(4). 


> Potassium determined from potassium-40. Potassium in g /liter. 
* Based on FRC Radiation Protection Guide (5) and an assumed intake of 1 liter /day. 


NA, no analysis. 
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Table 17. Concentration of gamma-emitting nuclides in soil, BNL, January-December 1971 
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Concentration 
| (pCi/kg) ; 

Location Rh ea RAS epee cet ie ep Potassium * 

month (g/kg) 





] 
Zirconium- | Cesium-137 | Cerium-144 Uranium Thorium 
niobium-95 | 





Offsite: 
Farm A, 3 km NW. 


Farm B, 10 km SSW 

Farm C, 10 km SE 

Farm D, 15 km NW 
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Onsite: 

Northwest perimeter 


Southwest perimeter 


_ 
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Southeast perimeter 








Northeast perimeter 


ee 





Solid waste disposal area 
SW ecology forest 


Estimated error (percent) 

















* Potassium determined from potassium-40. 
NA, no analysis. 


Table 18. Concentration of gamma-emitting nuclides in grass, BNL, January-December 1971 





Concentration 
(pCi/kg) 
Location Sampling ee eee Ree ee! TA Potassium * 

month (g/kg) 
Beryllium-7 i 5 Zirconium- | Cesium-137 | Cerium-144 | Uranium | Thorium 
niobiun-95 
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Farm A, 3 km NW 
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Farm C, 10 km SSE 
Farm D, 15 km NW 
Farm H, 6 km NE___-- 


Onsite: 
Northwest perimeter 





Southwest perimeter 
Southeast perimeter 
Northeast perimeter 
Solid waste disposal area__ -- 


SW ecology forest 


Estimated error (percent) 





























* Potassium determined from potassium-40. 
NA, no analysis. 
NS, no sample. 


attributable to its operations during 1971 are precipitation, liquid effluent-related concentra- 
summarized in this report. Among the data tions in stream, ground water and surveillance 
reported are external radiation levels, air par- wells, milk, grass, and soil samples. 

ticulate, tritium, and radioiodine concentrations, External radiation levels at the north boun- 
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dary of the laboratory, attributable to an ecol- 
ogy forest irradiation source, were 16 mR/year, 
or 3 percent of the applicable radiation protec- 
tion standard (1). Other than tritium, there 
was no indication of BNL effluents in environ- 
mental air and precipitation samples. In air, 
the largest BNL effluent-related tritium concen- 
tration was 8 pCi/m', which is 0.004 percent of 
the AEC standard. In precipitation, it was 300 
nCi/liter, which is 0.01 percent of the drinking 
water standard. 

About 75 percent of the volume of liquid 
effluent released onto the sand filter beds at the 
BNL sewage treatment plant is recovered and 
flows into the headwaters of the Peconic River, 
while about 25 percent of its flows into the 
ground water underlying the beds. The gross 
concentration of beta and gamma-emitters in it 
was 4 percent of the applicable radiation stand- 
ard. Tritium, which is measured separately, 
was 0.3 percent of its standard. 

Of the input from the sand filter beds to the 
Peconic River, 65 percent permeated into the 
ground water underlying the stream bed be- 
tween the point of release and the laboratory 
perimeter, while 35 percent flowed over the 
measuring weir at the boundary. The gross beta 
and gamma-emitter concentration at the site 
boundary was 2 percent of the AEC standard, 
while that of tritium was 0.3 percent of its 
standard. 

At downstream locations, the largest yearly 
average gross beta concentration in monthly 
grab samples was 0.7 percent of the AEC stand- 
ard, while that of tritium was 0.1 percent of its 
standard. The downstream gross beta concen- 
trations were not significantly different from 
those measured at remote “control” stream 
locations. 

Seasonal sampling of Peconic River bottom 
sediments, stream vegetation and of miscellane- 
ous aquatic fauna indicated that small concen- 
trations of cobalt-60 (<1000 pCi/kg), and a 
slight excess (<10000 pCi/kg) of cesium-137 
above prevailing fallout background, were 
present in some samples obtained in the upper 
reaches of the Peconic, onsite and a few miles 
downstream. These concentrations are insig- 
nificant (<1 percent) relative to calculated 
concentration guides. 
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Routine grab samples from the laboratory’s 
potable and cooling water supply wells dis- 
closed no consistent differences between those 
upstream in ground water flow and those down- 
stream from the principal laboratory facilities. 
The gross beta concentration of the large vol- 
ume of cooling water released to onsite sumps 
was only very slightly above that of the supply 
wells. 

Ground water surveillance was conducted 
adjacent to identified areas from which there is 
a potential for the migration of radioactivity. 
Immediately adjacent to the sand filter beds 
and the Peconic River onsite, gross alpha, gross 
beta, strontium, and tritium concentrations up 
to a few percent of the applicable radiation 
protection standards were found. 

Onsite in wells adjacent to a decontamination 
facility drain sump, and adjacent to the solid 
waste disposal area, a few gross beta, stron- 
tium-90 and cesium-137 concentrations were 
found in excess of offsite radiation protection 
standards. However, these appear to be very 
local, and concentrations in perimeter wells 
were generally only a few percent of the 
standards. 

Monthly milk samples were obtained from 
two nearby dairy farms. No significant differ- 
ences between these and those generally pre- 
vailing in the northeast United States were 
apparent. Two sets of grass and soil samples 
were also collected from these and three other 
farms, as well as from perimeter and onsite 
locations. There was no significant difference 
between offsite samples generally downwind 
and those generally upwind of Brookhaven. 
A possible small excess of cesium-137 was 
apparent at the BNL northeast perimeter and 
adjacent to the solid waste disposal area, com- 
pared to other samples. 
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2. Oak Ridge Area,’ January—December 1971 


Union Carbide Nuclear Division 
Oak Ridge, Tenn. 


The Oak Ridge area incorporates three sepa- 
rate operating facilities, the Oak Ridge Na- 
tional Laboratory (ORNL), the Oak Ridge 
Gaseous Diffusion Plant (ORGDP), and the 
Y-12 Plant, all of which are operated by Union 
Carbide Corporation, Nuclear Division. In addi- 
tion, two smaller Atomic Energy Commission 
(AEC) facilities are in the area—the UT-AEC 
Agricultural Research Station and Oak Ridge 
Associated Universities. 

Oak Ridge National Laboratory is a large 
multipurpose research laboratory whose basic 
mission is the discovery of new knowledge, both 
basic and applied, in all areas related to nuclear 
energy. To accomplish this mission, the labora- 
tory conducts research in all fields of modern 
science and technology. The laboratory’s facili- 
ties consist of nuclear reactors, chemical pilot 
plants, research laboratories, radioisotope pro- 
duction laboratories, and support facilities. 


* Summarized from Environmental Monitoring Re- 
port, U.S. Atomic Energy Commission, “Oak Ridge Fa- 
cilities, Calendar Year 1971.” 
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The Oak Ridge Gaseous Diffusion Plant is a 
complex of production, research, development, 
and supporting facilities, distributed over a 
640-area of eastern Tennessee. The primary 
mission of the plant is the enrichment of ura- 
nium hexafluoride in the uranium-235 isotope, 
with the performance of other atomic energy 
related activities as required by the Atomic 
Energy Commission. The principal process 
facilities are the five gaseous diffusion cascade 
buildings, portions of which are now on stand- 
by. These are supplemented by about 70 support 
buildings and facilities (maintenance, supply 
stores, administration, cafeteria, data process- 
ing, etc.). Union Carbide Corporation, Nuclear 
Division has been responsible for operating the 
Oak Ridge Gaseous Diffusion Plant since its 
inception. 

The Oak Ridge Y-12 Plant occupies approxi- 
mately 500 acres and is located immediately 
adjacent to the city of Oak Ridge, Tenn. It is 
about 214 miles long and 14 mile wide. The 
Y-12 Plant has four major responsibilities: (1) 
production of atomic weapons components, (2) 
fabrication support for weapon design agencies, 
(3) support for the Oak Ridge National Labora- 
tory, and (4) support and assistance to other 
government agencies. Activities associated with 
these functions include the production of 
lithium compounds, the recovery of enriched 
uranium from unirradiated scrap material and 
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Figure 6. Locations of air monitoring stations, Oak Ridge area 


the fabrication of uranium and other materials 
into finished parts and assemblies. 


Air monitoring 


Atmospheric contamination by radioactive 
materials occurring in the general environment 
of east Tennessee is monitored by two systems 
of monitoring stations. One system consists of 
nine stations (HP-31 through HP-39) which 
encircle the perimeter of the Oak Ridge area 
and provides data for evaluating releases from 
Oak Ridge facilities to the immediate environ- 
ment (figure 6). A second system consists of 
eight stations (HP-51 through HP-58) encir- 
cling the Oak Ridge area at distances from 12 
to 75 miles (figure 7). This system provides 
background data to aid in evaluating local con- 
ditions. Sampling for radioactive particulates 
is carried out by passing air continuously 
through filter papers. Filter papers are evalu- 
ated by gross beta and gross alpha counting 
techniques for normal operations. More detailed 
analyses are performed when concentrations 
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in the environment are significantly above nor- 
mal. Airborne radioactive iodine is monitored 
by passing air continuously through cartridges 
containing activated charcoal. Charcoal car- 
tridges are evaluated for radioactive iodine by 
gamma spectrometry. 

Data on the concentrations of radioactive 
materials in air in the Oak Ridge and surround- 
ing areas are given in tables 19 through 21. The 
average gross beta concentrations of radio- 
activity from particulates in air measured by 
the perimeter and remote monitoring systems 
were less than 0.23 percent and 0.23 percent, 
respectively, of the AEC standards (6), for 
individuals in uncontrolled areas (table 19). 
The average gross alpha concentrations were 
less than 0.05 percent of the concentration guide 
for natural uranium in both systems (table 20). 
The average concentration of iodine-131 meas- 
ured by the perimeter air monitoring system 
was less than 0.01 percent of the inhalation 
concentration guide for individuals in uncon- 
trolled areas (table 21). 





Table 19. Long-lived gross beta radioactivity in airborne particulates, ORNL, January-December 1971 








Concentration 
Station (fCi/m!) Percent 
number Location f Re Re Pe eS OS z= of AEC 

standard ° 


Maximum * Minimum > Average 








Perimeter 
stations 4 
Kerr Hollow Gate 
..|Midway Gate_- 
.|Gallaher Gate ‘ 
.|White Oak Dam - - -- 
Blair Gate ibe 
..|Turnpike Gate 
.|Hickory Creek Bend_- 
East of EGCR---- 
Townsite 
Average 
Remote 
stations ‘ 
HP-5 ..|Norris Dam --- 
Loudoun Dam 
Douglas Dam 
Cherokee Dam 
Watts Bar Dam 
Great Falls Dam 
Dale Hollow Dam 
.|Knoxville_ 























® Maximum weekly average concentration. 

> Minimum weekly average concentration—minimum detectable level is 5 pCi/sample. 

¢ AKC standard is 100 pCi/m! for unidentified radionuclides (AEC Manual, Appendix 0524, Annex A, Table IT). 
4 Figure 6. 

¢ Samples collected 5 days per week. 

f Figure 7 


Table 20. Long-lived gross alpha radioactivity in air, ORNL, January-December 1971 





; Concentration 
Station g Number (fCi/m*) Percent 
number Location of of AEC 
samples 2 standard ° 
Maximum * | Minimum > Average 








Perimeter 

stations: 4 
HP-3 Kerr Hollow Gate 

Midway Gate 

ota plates as otis gich 

White Oak Dam 

Blair Gate 

Turnpike Gate 

Hickory Creek Bend 

East of EGCR 

Townsite 








aQ| Saneraraace 


Average 


A| AAAAAAANS 





Remote 
stations !: 
Norris Dam 


Douglas Dam 
Cherokee Dam 


Great Falls Dam 
Dale Hollow Dam 
Knoxville 





~ OW Won ore 




















Ay AAAAAAAS 





*® Maximum weekly average concentration. 

> Minimum weekly average concentration—minimum detectable level is 2 pCi/sample. 

¢ AEC standard is 2.0 pCi/m® for natural uranium (AEC Manual, Appendix 0524, Annex A, Table II). 
4 See figure 6. 

* Samples collected 5 days per week. 

f See figure 7. 
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Table 21. Concentration of iodine-131 in air as measured 
by the perimeter air monitoring stations,» ORNL 
January-December 1971 





Concentration 
(fCi/m!) Percent 
of AEC 


standard ° 





Maximum | Minimum > Average 





<0.01 











61 | <6 <i1l 





® See figure 6. 
> Minimum detectable amount of iodine-131 is 10 pCi/sample. 


° AEC standard is 100 pCi/m* (AEC Manual, Appendix 0524, Annex A, 
Table II). 


The uniform level of filterable activity meas- 
ured by the perimeter and remote stations indi- 
cated that the activity was of nonplant origin. 
While some iodine-131 was released to the 
atmosphere during the year, measurements in 
the Oak Ridge area showed that environmental 
concentrations were well below established 
standards. 


Water monitoring 


Liquid wastes originating at the three major 
Oak Ridge facilities are discharged, after treat- 
ment, to White Oak Creek, Poplar Creek, East 
Fork Poplar Creek, and Bear Creek which are 
small tributaries to the Clinch River. 

A continuous proportional sample is collected 


at White Oak Dam (Station W-1), which is the 
last onsite control point prior to the entry of 
White Oak Creek into the Clinch River, and 
composited for monthly analysis. Continuous 
proportional samples are collected in the Clinch 
River at Melton Hill Dam (Station C-2) 2.3 
miles above White Oak Creek outfall and at the 
ORGDP water intake (Station C-3) 6.3 miles 
downstream from the entry of White Oak 
Creek. A grab sample is collected daily from 
the Clinch River at Center’s Ferry near Kings- 
ton, Tenn. (Station C-5), figure 7. Clinch River 
samples are composited for quarterly analysis. 

The concentrations of radionuclides present 
in detectably significant amounts are deter- 
mined by specific radionuclide analysis and 
gamma spectrometry. The concentration of each 
radionuclide is compared with its respective 
concentration guide (CG) value as specified in 
the AEC Manual, Appendix 0524, and the 
resulting fractions are summed to obtain the 
percent of the AEC standard in the Clinch 
River. 

Water samples are collected in Poplar Creek 
upstream of the ORGDP (Station P-1), in 
Poplar Creek downstream from the ORGDP 
waste discharges (Station P-2), and in the 
Clinch River downstream from the Poplar 
Creek outfall (Station C4) (figure 7). Semi- 





ba +a 











Figure 7. Locations of stream monitoring stations, Oak Ridge area 
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Table 22. Radionuclides in the Clinch River, ORNL, January-December 1971 





Sampling Number 
location of 


Concentration 
(pCi/liter) Percent 
of AEC 





samples 


3 


standard ¢ 


103, 06 Ry Tritium 





C2 CRM 23.1 * 


i) 


Wi CRM 20.8 > 


_ 


C3 CRM 14.5 * 


Average. -_. 
Maximum. 
Minimum - 
Average 


“ee 
CNP ORIN wWANwA 


C5 CRM 4.5 * 








= 








© hat 9 bat at Pat at at 


AA. AA AAAAKS 
MOTT lett etal toto t 


ND Ot et Tt CO 
S nto 9S om Cobo -3 00 
D0 BD LO Oe 00 Ot tO CO te 























*® Measured values. 


b Values given for this location are calculated values based on the concentrations measured at White Oak Dam and the dilution afforded by the Clinch 
River. They do not include radioactive materials (e.g., fallout) that may enter the river upstream of White Oak Creek outfall (CRM 20.8). 
¢ Applicable concentration guides and the method for calculating percent of concentration guide for a known mixture of radionuclides are given in 


AEC Manual, Appendix 0524, Annex A. 


annual grab samples are collected in Poplar 
Creek to verify the continued compliance 
demonstrated by continuous samples taken over 
a 12-year period. A continuous sample is col- 
lected in the Clinch River and composited over 
a 3-month period for analysis. Samples are 
analyzed for uranium by the fluorometric 
method. 

Continuous proportional water samples are 
collected at the outlet of New Hope Road on 
East Fork Poplar Creek (Station E-1). Weekly 
grab samples were collected on Bear Creek 
(Station B-1) during the first 9 months of 
1971 (figure 7) while the last 3 month’s samples 
were obtained by a continuous proportional 
sampler. Samples are analyzed on a monthly 
basis by gross alpha counting techniques. 

The average concentrations of specific radio- 
nuclides in the Clinch River at all points of 
measurement were less than 1 percent of the 
applicable concentration guides for uncontrolled 
areas (table 22). The average concentration 
of transuranic alpha emitters in the Clinch 
River at CRM 20.8 was 5 fCi/liter which is 
less than 0.01 percent of the concentration 
guide for water in uncontrolled areas contain- 
ing an unknown mixture of radionuclides.’ 
Average concentrations of uranium in the sur- 
face streams in the Oak Ridge area were no 


_ Radiation Protection Standard—100 pCi/liter 
(16). 
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greater than 1.2 percent of the applicable con- 
centration guide for uncontrolled areas (table 
23). 


Table 23. Uranium concentration in surface streams 


ORNL, January-December 1971 





Concentration 
(pCi/liter) 

Station 

number * 


Location 





Maxi- 
mum 





Poplar Creek_ __- 40 
Poplar Creek___- 130 
Clinch River - - -- 6 
| ~_ Fork Poplar 

or 




















| Bear 
| 





* See figure 8. 


> AEC standard is 20 nCi/liter (AEC Manual, Appendix 0524, Annex 
A, Table II). 


Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located 
within a radius of 50 miles of Oak Ridge. 
Samples are collected weekly at each of eight 
stations located near the Oak Ridge area. Four 
stations, located more remotely with respect to 
Oak Ridge operations, are sampled at a rate of 
one station each week. Milk sampling locations 
for the eight stations near the Oak Ridge area 
are shown in figure 8. Samples are analyzed 
by ion exchange techniques and results are 
compared to intake guides specified by the 
Federal Radiation Council (FRC) (7). 
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Figure 8. Locations of milk sampling stations, Oak Ridge area 


The average concentrations of iodine-131 and 
strontium-90 in raw milk are given in tables 
24 and 25. If one assumes the average intake 
of milk per individual to be 1 liter per day, the 
average concentration of iodine-131 in the milk 
in the immediate environs of the Oak Ridge 
area was just above the lower limit of FRC 
Range II. The average concentration in the 
environs remote from Oak Ridge was within 
FRC Range I. The average concentrations of 
strontium-90 in milk from both the immediate 
and remote environs were within the FRC 
Range I. The average concentrations measured 
in the Oak Ridge area do not differ significantly 
from the values in the southeastern United 


July 1974 


Table 24. Concentration of iodine-131 in raw milk, ORNL 
January-December 1971 





Concentration 
(pCi /liter) Comparison 
wit 
standard > 





Mini- 
mum * 





Immediate 
environs ° 389 21 <10 <10.1| FRC Range II 
Remote environs__ 38 <10 <10 <10 FRC Range I 




















* Minimum detectable concentration of iodine-131 is 10 pCi/liter. 
> Applicable FRC standard, assuming 1 liter per day intake: 

nge 1: 0 to 10 pCi/liter—adequate surveillance required to confirm 

calculated intakes. 

Range II: 10 to 100 pCi/liter—active surveillance required. 
Range III: 100 to 1 600 pCi liter—positive control action required. 
Note: Upper limit of Range II can be considered the concentration guide. 
© See figure 8. 


States reported by the Environmental Protec- 
tion Agency’s Pasteurized Milk Network. 





Table 25. Concentration of strontium-90 in raw milk 
oO 


RNL, January-December 1971 





Concentration 
(pCi/llter) Comparison 
Location with 
standard > 





Maxi- | Mini- Aver- 
mum | mum * age 








| FRC Range I 
FRC Range I 
| 


Immediate environs °__} ¢ 32 
Remote environs 3 | 15 


* Minimum detectable concentration of strontium-90 in milk is 2 
Ci /liter. 
g b Appicable FRC standard, assuming 1 liter per day intake: 
Range I: 0 to 20 pCi/liter—adequate surveillance required to confirm 
calculated intakes. 
Range II: 20 to 200 pCi /liter—active surveillance required. 
Range III: 200 to 2000 pCi /liter—positive control action required. 
Note: Upper limit of Range II can be considered the concentration guide. 
© See figure 8. 


Fish sampling 


Two species of fish from the Clinch River 
are sampled during the spring and summer of 
each year. The fish are prepared for radio- 
chemical analysis in a manner analogous to 
human utilization. Ten fish of each species are 
composited for each sample and the samples are 
analyzed by gamma spectrometry and radio- 
chemical techniques for the critical radio- 
nuclides contributing significantly to the poten- 
tial radiation dose to man. An estimate of 
man’s intake of radionuclides from eating 
Clinch River fish is made by assuming an 
annual rate of fish consumption of 14 pounds 
(8) and the estimated percentage of maximum 
permissible intake is calculated by assuming a 
maximum permissible intake of radionuclides 
from eating fish to be comparable to a daily 
intake of 2.2 liters (9) of water containing the 
concentration guide of the radionuclides in 
question, for a period of 1 year. 

Data on the concentrations of radionuclides 
in Clinch River fish are given in table 26. The 


Table 26. Radionuclide content of Clinch River fish 
ORNL, January-December 1971 








Number Concentration 


(pCi/kg wet weight) Estimetei 
; percent of 


MPI» 





White crappie 1 : 180 | 343 <0.38 
Small mouth buffalo __ 315 | 336 | <.32 








* Composite of 10 fish in each species. 

> Maximum permissible intake—assumes intake of radionuclides from 
eating fish to be comparable to a daily intake of 2.2 liters of water for the 
year containing the concentration guide level of the radionuclides in 
question. 
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levels measured were less than 1 percent of 
that required to obtain an estimated maximum 
permissible intake. 


Flora and soil 


Soil samples are collected annually from near 
the perimeter air monitoring stations (figure 
6). Four samples, approximately 8 cm in diam- 
eter and 1 em thick, are collected in a 1 m? 
area at each location, composited, and analyzed 
radiochemically for uranium and plutonium 
content to determine historical background 
information. 

Soil, pine needle, and grass samples are col- 
lected semiannually from five sampling loca- 
tions (K-1 through K-5) located on a 5-mile 
radius from the ORGDP Plant (figure 6). 
Samples are analyzed for uranium by the 
fluorometric method. Data on uranium concen- 
trations in soil and flora are given in tables 
27 and 28. 


Table 27. Soil samples taken near perimeter air monitoring 
stations, ORNL, January-December 1971 





Concentration 
Sampling (fCi/g dry soil) ¢ 


Number 
location * of 





samples > 


Plutonium (a) | Uranium 
| 








te et a 











* See figure 6. 

> Four samples, approximately 8 cm in diameter and 1 centimeter thick, 
collected in a 1 m? area at each location and composited for analysis. 

¢ Applicable concentration guides for soil contamination have not been 
established. 


Summary 


The monitoring program for the Oak Ridge 
area includes sampling and analysis of air, 
water from surface streams, several food prod- 
ucts, flora, and soil from radioactive materials. 

Surveillance of radioactivity in the Oak 
Ridge environs indicated that the atmospheric 
concentrations of radioactivity were not signifi- 
cantly different from other areas in east Ten- 
nessee. Concentrations of radioactivity in the 
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Table 28. Uranium in soil, pine needles, and grasses at 
5-mile radius from ORGDP, January-December 1971 





Concentration 


fCi/ 
Substance ECi/e) 


Number 
Location * of 





samples 
Maximum! Minimum) Average 





ere 
Clim Ore 


Pine needles ¢____ 


| 


| 


AAAAR ARARR 
duh donor 


it 
onr~ 


DNNNNH NNNNN NNNNWHY 


ARAAA 
ad 




















gure 6. 

b De te 5 — of soil on a dry basis. 

e 

Note: Applicable guides for flora and soil have not been established. 


Clinch River and in fish collected from the river 
were less than 1 percent of the permissible 
concentration and intake guides for individuals 
in neighboring populations. Only very low level 
radioactivity is being released to the environ- 
ment from plant operations and the resulting 
concentrations in all of the media sampled were 
well below permissible standards. 
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3. Pinellas Peninsula Plant ° 
July-December 1971 


General Electric Company 
St. Petersburg, Fla. 


The Pinella Peninsula Plant (figure 9) is an 
electronic component production facility. The 
plant maintains an environmental monitoring 
program to measure the levels of radioactive 
environmental contamination associated with 
plant effluents. These measurements serve as 
an index of the effectiveness of the plant’s con- 
tamination control measures. Sewer effluent, 


* Summarized from “Environmental Monitoring Re- 
port, Pinellas Plant, 1971.” 
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surface water, milk and air within 6 miles of 
the plant are monitored for radioactivity. The 
radioactivity concentrations, weighted by 
atmospheric and stream dilution factors, are 
compared against the AEC standards for con- 
tinuous nonoccupational exposure as presented 
in AEC Manual chapter 0524. 


Combined sewer effluent 


Waste water discharges from the plant were 
routinely sampled for radioactive material con- 
tent at the site’s boundary. A total of 147 
samples were obtained and analyzed for tritium 
content. In those instances where detectable 
concentrations occurred, the radioactivity re- 
sulted from controlled releases. Radioactivity 
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Figure 9. Location of the Pinellas Peninsula Plant 


releases from the process waste system into the 
plant’s water effluents resulted in an average 
tritium concentration for the period, of less 
than 0.6 percent of the AEC standard for con- 
tinuous nonoccupational exposure. 


Milk samples 


Analyses of 10 raw milk samples provided 
by the Pinellas County Health Department from 
the one local diary farm revealed no detectable 
concentrations (<20 nCi/liter) of tritium. 


Air samples 


A total of four ambient air samples were ob- 
tained downwind from the plant site for tritium 
analysis during times of radioactivity releases. 
Analyses of these samples revealed that the 
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maximum level, occurring over a period of 30 
minutes, represented 0.3 percent of the tritium 
oxide in air concentration for continuous non- 
occupational exposure. 


Surface water 


There were no indications of tritium in 138 
routine surface water samples collected from 
areas surrounding the plant. These sample 
locations represent an area up to 6 miles in all 
directions from the plant site, and are not re- 
lated to the waste water effluent from the plant. 
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Erratum 


On page 101 of the Savannah River Plant article in the February 1974 issue of 
Radiation Data and Reports, a typographical error occurred in the second paragraph 
under the subheading “Deer.” The fourth sentence in this paragraph should read: 

“Edible meat from the deer containing 48 pCi/g would weigh about 40 pounds 
and would therefore contain about 0.87 »Ci of cesium-137.” 
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Reported Nuclear Detonations, June 1974 


(Includes seismic signals presumably from foreign nuclear detonations) 


The Peoples Republic of China set off a nu- 
clear explosion in the atmosphere at about 2:00 
a.m. EDT on June 17, 1974, at their Lop Nor 
nuclear test area in northwest China. The yield 
was in the range of 200 kilotons to 1 megaton. 

The United Kingdom announced that an 
underground nuclear test had been conducted 


sometime during June 1974 at the Nevada Test 
Site in the United States. No yield was an- 
nounced. 

There were no nuclear detonations for the 
United States reported by the U.S. Atomic 
Energy Commission for June 1974. 





Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


ENVIRONMENTAL RADIATION EFFECTS OF NUCLEAR FA- 
CILITIES IN NEW YORK STATE. Michael S. Terpilak and Bruce L. 
Jorgensen. Radiation Data and Reports, Vol 15, July 1974, pp. 375-400. 


The annual quantities and types of radioactive materials released from 
three operating nuclear electric generating facilities, a national labora- 
tory, and a nuclear fuels reprocessing facility are presented and dis- 
cussed. The period of interest spans the years 1969 through 1972 with 
some additional data for those facilities operating before 1969. Release 
quantities have been well controlled, considering the nature and vintage 
of the operations. 

Results of environmental surveillance relying most heavily on the 
activities of the New York State Department of Environmental Con- 
servation, are presented. Observations at Indian Point Station Unit 1 and 
at Nuclear Fuel Services have led to the discovery of several facility- 
related radioisotopes in environmental media. These two facilities are of 
comparatively early vintage, have produced slightly larger amounts of 
waste materials and have been the subject of more comprehensive studies 
than others in the State. 

Dose consequences to hypothetical individuals and to populations within 
50 miles of the facilities are addressed. It should be stressed that all 
individual doses presented are hypothetical. Doses via the drinking 
water and cow’s-milk-pathways are particularly conservative. In each 
case, these hypothetical doses are at least an order of magnitude or more 
greater than the known worst case. No excessive exposure levels are 
known to have existed. All operations have resulted in postulated expo- 
sure levels well within applicable regulations or guidelines, generally 
being a small percentage of these values. Population doses have been 
surprisingly consistent through the period of interest. They are insig- 
nificant in comparison to the dose to the population of the State from 
natural or medical sources. 


KEYWORDS: Air, background radiation, cesium-137, fish, milk, New 
York, nuclear power generating plants, radioactive waste, silt, vegetation. 


CALCULATED FIELD INTENSITIES NEAR A HIGH POWER UHF 
BROADCAST INSTALLATION. Richard A. Tell and John C. Nelson, 
Radiation Data and Reports, Vol. 15, July 1974, pp. 401-410. 


A UHF transmitter site in the Washington, D.C. area, which is used 
cooperatively by two UHF television stations, was chosen for calcula- 
tions of effective radiated power (ERP), field strength, and power den- 
sity. Using the specifications for the two broadcasting stations, field 
strengths and power densities were calculated and presented graphically. 

The calculated power densities for this broadcasting installation showed 
that the exposure values fall very sharply as the distance from the tower 
increases to about 1 mile. At distances beyond 0.5 miles, the maximum 
exposure values celculated were about 2.7 1.W/cm* occurring at 0.5, 3.3, 
and 4.5 miles. As the height above ground at the receiving point is 
increased, the exposure value generally increases. 


Based on the calculations for the 135 degree radial and the computed 
population distribution, it appears that approximately 86000 people 
reside in an area within which the estimated exposure value is 1 «.W/cm* 
or more. 


KEYWORDS: Antenna, broadcasting station, calculations, field intensi- 
ties, ultra high frequency (UHF), Washington, D.C 








ANALYSIS OF RADIATION EXPOSURES ON OR NEAR URANIUM 
MILL TAILINGS PILES. Keith J. Schiager. Radiation Data and Re- 
ports, Vol. 15, June 1974, pp. 411-425. 


Potential radiation exposures from abandoned uranium mill tailings 
piles may be predicted in a general manner using minimal input data. 
If the average radium concentration in the tailings Cr, is known, the 
external gamma exposure rate over the tailings can be estimated from: 
X (uR/h) = 2.5 Cea, (pCi/g). The radon emanation rate can also be 
estimated as: ¢ (pCi Rn/m*-s) = 1.6 Cra (pCi/g). The reductions of 
exposure rates that can be achieved by covering the tailings with earth 
or concrete also are discussed. Radon progeny inhalation exposures 
depend upon the dispersion rate of radon in the atmosphere and the time 
available for progeny ingrowth. Meteorological data for the site are re- 
quired for making reliable predictions of inhalation exposures. It is 
shown, however, that contributions to the average annual outdoor radon 
progeny concentrations exceeding 0.003 WL are very unlikely on or near 
any tailings pile. The methods used to analyze potential radiation expo- 
sures are illustrated by a case study on one abandoned tailings pile. 


KEYWORDS: exposure, inhalation, meteorology, radon, uranium mill 
tailings pile, Utah. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information rela to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
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Submitted manuscripts should be sent to Editor, Radi- 
ation Data and Reports, AW-561, EPA, Office of Radia- 
tion Programs, Waterside Mall East, Room 615, Wash- 
ington, D.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiation Data and Reports. In addition, past issues of 
Radiation Data and Reports would serve as a suitable 
guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 
tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 


appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is - 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. ‘ 

Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 





hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed ee on a separate sheet of 
paper. Legends should brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the upper left of elements 
in long series of formulas, e.g., *“Cs; however, elements 
are spelled out in text and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; ¢.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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